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ADVERTISEMENT. 


p^" of the enfuzug Dzfcourfe about Light was written 
A. at the defire of ome Gentlemen of the Royal Society, 
zu the Year 1675. and then fent to their Secretary, and 
read at their Meetings, and the reft was added about 
Twelve Years after to complete the Theory; except the 
Third Book, and.the laft Propofition of the Second, which 
avere fince put together out of fcattered Papers. To avoid 
being engaged in Difputes about thefe Matters, 1 have 
hitherto delayed the Printing, and fhould fiill have de- 
layed it, had uot the tmportuntty of Friends prevailed upon 
PM J any other Papers writ ou this Subject are got out 
of my Hands they are imperfect, aud were perhaps written 
before I. had tried all the.Experiments here fet down, 
and fully fatisfzed my. felf about the Laws of Refractions 
and Conpofitzon of Colours. I have here Publi]bed what 
J think proper to come abroad, wifbing that ut may not be 
Lvanflated into another Language without my Confent. 
The Crowns of Colours, which fometimes appear about 
the Sun aud Moon, I Bios endeavoured to give an Ac- 
count of ; but for want of fufficeent Observations leave that 
Matter to be further examined. ‘The Subject of the Third 
Book L have alfo left imperfect, not having tried all the 
Ex pe- 


Experbueuts which I zutended. when I was about thefe 
Matters, nor repeated fome of thofe which I did try, until 
Thad fatisfted my felf about all ther Czrcumflauces. To 
communicate what I have tried, and leave the rest to 
others for further Enquiry, 15 all my Defign in publefhing 
thefe Papers. | | 

Ina Letter written to Mr.Leibnitz zn the Year 1676. 
and publifbed by Dr. Wallis, F mentioned a Method by 
which I had found foie general Theorems about fquaring 
Curvilinear Figures, or comparing them with the Conic 
Sections, or other the fimplest Figures with which they may 
be compared. And fome Fears ago Flent out a Manufeript 
containing fuch Theorems, and having fince met with fme 
Things copied out of zt, I have on thts Occafion made it 


publick, prefixing to it an Introduction and fubjoyning a 
Scholium concerning that Method. And I have joined 
with it another fmall Tract concerning the Curvilinear 
Figures of the Second Kind, which was alfo written 
many Years ago, and made known to fome Friends, who 
have lolicited the making 1t publick. 


I. N. 


Li] 
The FIRST BOOK 


Oe F's t NM 


Y Defign in this Book is not to explain the Pro- 
perties of Light by Hypothefes, but to propofe 
and prove them by Reafon and Experiments : 


In order to which , I fhall premife the following Defini- 
tions and Axioms. 


DEEN TIS NS. 
DE PEN, 1 
p the Rays of Light I underftand its leaff Parts, and thofe 


as well Succeffive in the fame Lines as Contemporary in fe- 

veral Lines. For it is manifeft that Light confifts of parts 
both Succeffive and Contemporary ; becaufe in the fame 
place you may ftop that which comes one moment, and 
let pafs that which comes prefently after; and in the fame 
time you may {top it in any one place, and let it país in 
any other. For that part of Light which is ftopt cannot 
be the fame with that which is let pafs. The leaft Light 
or part of Light, which may be ftopr alone without the 
reft of che Light, or propagated alone, or do or fuffer any 
A thing 


[2] 
thing alone, which the reft of the Light doth not or fuf- 
ers not, I call a Ray of Light. 


DERIN. I. 


Refrangibility of the Rays of Light, is their Difpofition to be 
refraéted or turned out of their Way in paffing out of one tranf- 
parent Body or Medium into another. And a greater or lefs Re- 
frangibility of Rays, is their Difpofition to be turned more or lefs 
out of their Way in like Incidences on the fame Medium. Mathe- 
maticians ufually confider the Rays of Light to be Lines 
reaching from the luminous Body to the body illumina- 
ted, and the refra&ion of thofe Rays to be the bending 
or breaking of thofe Lines in their paffing out of one Me- 
dium into another. And thus may Rays and Refractions 
be confidered, if Light be propagated in an inflant. But 
by an Argument taken from the /Equations of the times. 
of the Eclipfes of Fupiter’s Satellites it feems that Light is 
propagated in time, {pending in its paffage from the Sun 
to us about Seven Minutes of time : And therefore I have 
chofen to define Rays and Refraétions in fuch general. 
terms as may agree to Light in both cafes. 


DEFIN. III 


Reflexibility of Rays, is their Difpofition to be turned back inte: 
the fame Medium from any other Medium upon whofe Surface they 
fall. And Rays are more or lefS reflexible , which are returned 
back more or lefs eafily. As if Light pafs out of Glafs into 
Air, and by being inclined more and more to the com- 
mon Surface of the Glafs and Air, begins at length to be 
totally reflected by that Surface ; thofe forts of Rays which. 
at like Incidences are reflected moft copioufly , or by in- 
clining the Rays begin fooneft to be totally reflected, are 
moft. reflexible.. Dia 


A E 


DEFIN. IV. 


The Angle of Incidence, is that Angle which the Line defcribed 
by the incident Ray contains with the Perpendicular to the reflee 
ing or refracting Surface at the Point of Incidence. 


DE FEN.. T. 


The Angle of Reflexion or Refrattion, is the Angle which the 
Line defcribed by the reflected or refracted Ray containeth with 
the Perpendicular to the reflecting or refratting Surface at the 
Point of Incidence. 


DEFIN VI 


The Sines of Incidence, Reflexion, and Refraction, are the 
Sines of the Angles of Incidence, Reflexion, aud Refraction. 


DEFIN. VII. 


The Light whofe Rays are all alike Refrangible, I call Sim- 
ple, Homogeneal and Similar ; and that Dina Rays are fome 
more Refrangible than others, I call Compound, Heterogeneal and 
Difimilar. The former Light I call Homogeneal, not 
becaufe I would affirm it fo in all refpe&ts ; but becaufe 
the Rays which agree in Refrangibility, agree at leaft in 
all thofe their other Properties. Which I confider in the 
following Difcourfe. 


DEFPLN. VI 


- The Colours of Homogeneal Lights , I call Primary, Homo- 
geneal and Simple; and thofe of Heterogeneal Lights, Fleteroge- 
neal and Compound. For thefe are always compounded of 
the colours of Homogeneal Lights; as will appear in the 
following Difcourfe. A 2 AX I- 
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AXIOMS. 


AX. I 
HE Angles of Incidence, Reflexion, and Refrattion, lye 


in one and the fame Plane. 
AX. I. 
The Angle of Reflexion is equal to the Angle of Incidence. 
AK. JE 


If the refratted Ray be returned direétly back to the Point 
of Incidence , it ball be refratted into the Line before defcri- 
bed by the incident Ray. 


AUN, 


(Refratlion out of the rarer Medium into the denfer , is made 
towards the Perpendicular ; that is, fo that the Angle of Refra- 
tion be lefS than the Angle of Incidence. 


AO X. 


The Sine of Incidence, is either accurately or very nearly in a 


given Ratio to the Sine of Refrattion. 


Whence if that Proportion be known in: any one Incli- 
nation of the incident Ray, ‘tis known in all the Inclina- 
tions, and thereby the Refraction in all cafes of Incidence 
on the fame refracting Body may be determined. Thus 
if the Refraction be made out of Air into Water, the Sine 
ef Incidence of the red Light is to the Sine of its Refra- 
&ion as 4 to 3. If out of Air into Glafs, the Sines are 

as. 


A 


as 17 to 11. In Light of other Colours the Sines have 
other Proportions : but the difference is fo little that it 
need feldom be confidered. 

Suppofe therefore, that RS reprefents the Surface of Fig. 1. 
flagnating Water, and C is the point of Incidence in 
which any Ray coming in the Air from A in the Line 
A C is reflected or refracted, and E would know whether 
this Ray fhall go after Reflexion or Refraction : | erect 
upon the Surface of the Water from the point of Inci- 
dence the Perpendicular C P and produce it downwards 
to Q, and conclude by the firft Axiom, that the Ray af- 
ter Reflexion and Refraction, fhall be found fomewhere in 
the Plane of the Angle of Incidence A C P produced. I 
let fall therefore upon the Perpendicular C P the Sine of 
Incidence A D, and if the refle&ed Ray be defired , I pro- 
duce A D to B fo that D B be equal to A D, and draw 
CB. For this Line C B fhall be the refle&ed Ray; the 
Angle of Reflexion B C P and its Sine B D being equal 
to the Angle and Sine of Incidence, as they ought to be 
by the fecond Axiom. But if the refra&ed Ray be de- 
fired, I produce A D toH, fo that DH may be to AD 
as the Sine of Refraétion to the Sine of Incidence, that is 
as 3 to 4 ; and about the Center C and in the Plane A C P 
with the Radius C A defcribing a Circle ABE I draw 
Parallel to the Perpendicular C P Q, the Line HE cutting 
the circumference in E, and joyning C E, this Line C E. 
fhall be the Line of the refracted Ray. For if EF be let 
fall perpendicularly on the Line P Q , this Line E F fhall 
be the Sine of Refraction of the Ray CE, the Angle of 
Refraction being E CQ; and this Sine E F is equal to 
DH, and confequently in Proportion to the Sine of Inci- 
dence A D as 3 to 4. 


In. 
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In like manner, if there be a Prifm of Glafs (that is 4 
Glafs bounded with two Equal and Parallel Triangular 
ends, and three plane and well polifhed Sides, which meet 
in three Parallel Lines running from the three Angles of 
one end to the three Angles of the other end) and if the 
Refraction of the Light in paffing crofs this Prifm be defi- 
Fig. 2. red: Let ACB reprefent a Plane cutting this Prifm tranf- 
verfly to its three Parallel lines or edges there where the 
Light paffeth through it, and let dE be the Ray inci- 
dent upon the firft fide of the Prifm A C where the Light 
goes into the Glafs; And by putting the Proportion of 
the Sine of Incidence to the Sine of Refra&tion as 17 to 
11 find E F che firft refracted Ray. Then taking this Ray 
for the Incident Ray upon the fecond fide of the Glafs B C 
where the Light goes out, find the next refracted Ray F G 
by putting the Proportion of the Sine of Incidence to the 
Sine of Refraction as 11 to 17. For if the Sine of Inci- 
dence out of Air into Glafs be to the Sine of Refraction 
as 17 to 11, the Sine of Incidence out of Glafs into Air 
muft on the contrary be to the Sine of Refraction as 11 
to 17, by the third Axiom. 

Much after the fame manner, if A C B D reprefent a 
Glaís fpherically Convex on both fides (ufually called a 
Lens, {uch as is a Burning-glafs, or Spectacle-glafs, or an 
Object-glafs of a Telefcope) and it be required to know 
how Light falling upon it from any lucid point Q. fhall 
be refracted, let QM reprefent a Ray falling upon any 
point M of its firft {pherical Surface A CB, and by erecting 
a Perpendicular to the Glafs at the point M, find the firft 
refracted Ray M N by the Proportion of the Sines 17 
to 11. Let that Ray in going out of the Glafs be inci- 
dent upon N, and then find the fecond refracted Ray N 4 
by the Proportion of the Sines 11 to 17. And after the 

fame 


O3 
v 


i 


ET 
fame manner may the Refraction be found when the 


Lens is Convex on one fide and Plane or Concave on 
the other, or €oncave on both Sides. 


AX VL 


Homogeneal Rays which flow from feveral Points of any Ob- 
je, and fall almoft Perpendicularly on any reflecting or refra- 
ing Plane or Spherical Surface, [ball afterwards diverge from 
fo many other Points, or be Parallel to fo many other Lines, or 
converge to fo many other Points, either accurately or without any 
fenfible Error. And the fame thing will happen, if the Rays be 
reflected or refratted fucceffively by two or three or more Plane- 
or {pherical Surfaces. 


The Point from which Rays diverge or to which they 
converge may be called their Focus. And the Focus of 
the incident Rays oe given, that of the reflected or re- 


fracted ones may be found by finding the Refraction of 
any two Rays, as above; or more readily thus. 

Caf. 1. Let ACB be a reflecting or refracting Plane, Fig. 4. 
and Q. the Focus of the incident Rays, and Q 4 C a per- 
pendicular to that Plane. And if this perpendicular be 
produced to 4, fo that 4 C be equal to QC, the point 4 
fhall be the Focus of the reflected Rays. Or if 4 C be 
taken on the fame fide of the Plane with Q C and in Pro- 
portion to QC as the Sine of Incidence to the Sine of 
Refraction, the point 4 fhall be the Focus of the refrac- 
ted Rays. 

Caf. 3. Let ACB be the reflecting Surface of any Fig: 5:. 
Sphere whofe Center is E. Bifect any Radius thereof (fup- 
pofe E, C) in T, and if in that Radius on the fame fide the 
point T you take the. Points Q and 4, fo that TQ, T E, 
and T4 be continual Proportionals, and the point Q be 

the: 


d 


Fig. 7. 
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the Focus of the incident Rays, the point 4 fhall be che 
Focus of the refle&ed ones. 

Caf. 3. Let ACB be the refracting Surface of any 
Sphere whofe Center is E. In any Radius thereof E.C 
produced both ways take E T and Ct feverally in fuch 
Proportion to that Radius as the leffer of the Sines of 
Incidence and Refraction hath to the difference of thofe 
Sines. And then if in the fame Line you find any two 
Points Q and 4, fo that TQ be to ET as Et to tg, 
taking t 4 the contrary way from t which T Q lieth from 
T, and if the Point Q be the Focus of any incident Rays, 
the Point 4 fhall be the Focus of the refracted ones. 

And by the fame means the Focus of the Rays after 
two or more Reflexions or Refractions may be found. 

Caf. 4. Let ACB D be any refracting Lens, fpheri- 
cally Convex or Concave or Plane on either fide, and let 
C D be its Axis (that is the Line which cuts both its Sur- 
faces perpendicularly, and paffes through the Centers of 
the Spheres,) and in this Axis let F and f be the Foci of the 
refracted Rays found as above, when the incident Rays 
on both fides the Lens are Parallel to the fame Axis ; and 
upon the Diameter F f bifected in E, defcribe a Circle. 
Suppofe now that any Point Q be the Focus of any inci- 
dent Rays. Draw QE cutting the faid Circle in T and t, 
and therein take t 4 in fuch Proportion to t E as t E or TE 
hath to T Q. Let tq lyethe contrary way from t which 
T Q doth from T, and 4 fhall be the Focus of the refrac- 
ted Rays without any fenfible Error , provided the Point 
Q be not fo remote from the Axis, nor the Lens fo broad 
as to make any of the Rays fall too obliquely on the 
refracting Surfaces. 

And by the like Operations may the reflecting or re- 
fracting Surfaces be found when the two Foci are Pe 
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and thereby a Lens be formed, which fhall make the Rays 
flow towards or from what place you pleafe. 

So then the meaning of this Axiom is, that if Rays 
fall upon any Plane or Spherical Surface or Lens, and 
before their Incidence flow from or towards any Point Q , 
they fhall after Reflexion or Refraction flow from or to- 
wards the Point 4 found by the foregoing Rules. And if 
the incident Rays flow from or towards feveral points Q, 
the reflected or refracted Rays fhall low from or towards 
fo many other Points 4 found by the fame Rules. Whe- 
ther the reflected and refracted Rays flow from or towards 
the Point 4 is eafily known by the fituation of that Point. 
For if that Point be on the fame fide of the reflecting or 
refracting Surface or Lens with the Point Q, and the in- 
cident Rays flow from the Point Q , the reflected flow to- 
wards the Point 4 and the refracted from it ; and if the 
incident Rays flow towards Q, the reflected flow from 4, 
and the refracted towards it. And the contrary happens 
when 4 is on the other fide of that Surface. 


AX. | VIL, 
Wherever the Rays which come from all the Points of any Ob- 


eck meet again in fo many Points after they have been made to 
converge by Reflexion or Refraction, there they will make a Pic- 
ture of the Object upon any white Body on which they fall. 


So if PR reprefent any Object without Doors, and AB Fig. 3. 
be a Lens placed at a hole in the Window-fhut of a dark 
Chamber, whereby the Rays that come from any Point Q. 
of that Object are made to converge and meet again in 
the Point 4; and if a Sheet of white Paper be held at 4 
for the Light there to fall upon it : the Picture of that 
Object PR will appear upon the Paper in its proper Shape 

B 


and 
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and Colours. For as the Light which comes from the 
Point Q goes to the Point g, fo the Light which comes 
from other Points P and R of the Object, will go to fo 
many other correfpondent Points p and r (as is manifeft 
by the fixth Axiom ;) fo that every Point of the Object 
fhall illuminate a correfpondent Point of the Picture, and 
thereby make a Picture like the Object m Shape and Co- 
lour, this only excepted that the Picture fhall be inverted. 
And this is the reafon of that Vulgar Experiment of caft- 
ing the Species of Objects from abroad upon a Wall or 
Sheet of white Paper in a dark Room. 

In like manner when 2 Man views any Object PQR, 
the Light which comes from the feveral Points of the Ob- 
ject is fo refracted by the tranfparent skins and humours 
of the Eye, (that is by the outward coat EFG called the 
Tunica Cornea, and by the cryftalline humour AB which is 
beyond the Pupil 5 4 ) as to converge and meet again at 
fo many Points in the bottom of the Eye,and there to paint 
the Picture of the Object upon that skin (called the Tu. 
nica Retina) with which the bottom of the Eye is covered. 
For Anatomifts when they have taken off from the bot- 
tom of the Eye that outward and moft thick Coat called 
the Dura Mater, can then fee through the thinner Coats 
the Pictures of Objects lively painted thereon. And thefe 
Pictures propagated by Motion along the Fibres of the Op- 
tick Nerves into the Brain, are the caufe of Vifion. For 
accordingly as thefe Pictures are perfect or imperfect, the 
Object is feen perfectly or imperfectly. If the Eye be tin- 
ged with any colour (as in the Difeafe of the Faundife) fo 
as to tinge the Pictures in the bottom of the Eye with that 
Colour, then all Objects appear tinged with the fame Co- 
lour. If the humours of the Eye by old Age decay, fo 
as by fhrinking to make the Cornea and Coat of the Cry- 

fralline 
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falline bumour grow flatter than before, the Light will not be 
refracted enough, and for want of a fufficient Refraction 
will not converge to the bottom of the Eye but to fome 
place beyond it , and by confequence paint in the bottom 
of theEye a confufed Piéture,and according to the indiftin&- 
nels of this Pi&ure the Obje& will appear confufed. This 
is che reafon of the decay of Sight in old Men, and fhews 
why their Sight is mended by Spectacles. For thofe Con- 
vex-glaffes fupply.the defect of plumpnefs in the Eye, and 
by encreafing the Refraction make theRays converge fooner 
(o asto convene diftin&ly at the bottom of the Eye if the 
Glafs have a due degree of convexity. And the contrary 
happens in fhort-fighted Men whofe Eyes are too plump. 
For the Refraction being now too great,the Rays converge 
and convene in the Eyes before they come at the bottom ; 
and therefore the Picture made in the bottom and the Vifion 
caufed thereby will not be diftinct, unlefs the Obje& be 
brought fo near the Eye as that the place where the con- 
verging Rays convene may be removed tothe bottom, or 
that the plumpnefs of the Eye be taken off and the Refra- 
&ions diminifhed by a Concave-glaís of a due degree of 
Concavity, or laftly that by Age the Eye grow flatter till ic 
come to a due Figure : For fhore-fighted Men fee remote 
Obje&ts beft in Old Age, and therefore they are accounted 
to have the moft lafting Eyes. 


A X. VU. 


An Objeét feen by (Reflexion or Refrattion, appears in that place 
From whence the Rays after their laft Reflexion or Refrattion di- 
verge 4n falling on the Spettator' s. Eye. 


If the Obje& A be feen by Reflexion of a Looking- 
glafs mn, it fhall appear, not in it’s proper place A, but 
2 ehind 
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behind the Glafs at a, from whence any Rays AB, AC, 
AD, which flow from one and the fame Point of the Ob- 
ject, do after their Reflexion made in the Points B,C, D, 
diverge in going from the Glafs to E, F, G, where they 
are incident on the Spectators Eyes. For thefe Rays do 
make the fame Picture in the bottom of the Eyes as if 
they had come from the Object really placed at a without 
the interpofition of the Looking-glaís ; and all Vifion is 
made according to the place and fhape of that Picture. 

In like manner the Object D feen through a Prifm ap- 
pears not in its proper place D, but is thence tranflated to 
fome other place d fituated in the laft refracted Ray F G 
drawn backward from F to 4. 

And fo the Object Q. feen through the Lens A B, appears 
at the place 4 from whence the Rays diverge in paffing 
from the Lens to the Eye. Now it isto be noted, thatthe 
Image of the Object at 4 is fo much bigger or leffer than 
the Object it felf at Q , as the diftance of the Image at 
q from the Lens AB is bigger or lefs than the diftance of 
the Object at Q. from the fame Lens. And if the Object 
be feen through two or more {uch Convex or Concave- 
glaffes, every Glafs fhall make a new Image, and the Ob- 
ject fhall appear in the place and of the bignefs of che laft 
Image. Which confideration unfolds the Theory of Mi- 
crofcopes and Telefcopes. For that Theory confifts in al- 
moft nothing elfe than the defcribing fuch Glaffes as fhall 
make the laft Image of any Object as diftinét and large 
and luminous as it can conveniently be made. 

I have now given in Axioms and their Explications the 
fumm of what hath hitherto been treated of in Opticks. 
For what hath been generally agreed on I content my 
felf to affume under the notion of Principles, in order to 
what I have further co write. And this may fuffice for an 

Inttoe. 
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Introduction to Readers of quick Wit and good Under- 
ftanding not yet verfed in Opticks: Although thofe who 
are already acquainted with this Science, and have 
handled Glaffes, will more readily apprehend what fol- 


loweth. 


PARODOP OO RLIIORAN:GOA. 


PIDE E Phe T 


IGH T S which differ in Colour, differ alío in De 
grees of Refrangibility. 


The Proof by Experiments. 


Exper. 1. I took a black oblong ftiff Paper terminated 
by Parallel Sides, and with a Perpendicular right Line 
drawn crofs from one Side to the other, diftinguifhed it 
into two equal Parts. One of thefe Parts I painted with 
a red Colour and the other with a blew. The Paper was 
very black, and the Colours intenfe and thickly laid on, 
that the Phenomenon might be more confpicuous. This 
Paper I viewed through a Prifm of folid Glafs, whofe two 
Sides through which the Light pafled to the Eye were 
plane and well polifhed, and contained an Angle of about 
Sixty Degrees : which Angle I call the refracting Angle of 
the Prifm. And whilft I viewed it, I held it before a 
Window in fuch manner that the Sides of the Paper were 
parallel to the Prifm, and both thofe Sides and the Prifm 
parallel to the Horizon, and the crofs Line perpendicular 
to it; and that the Light which fell from the Window 


upon: 
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"upon the Paper made an Angle with the Paper, equal to 
that Angle which was made with the fame Paper by the 
Light retle&ted from it to the Eye. Beyond the Prifm was 
the Wall of the Chamber under the Window covered over 
with black Cloth, and the Cloth was involved in Dark- 
nefs that no Light might be reflected from thence, which 
in paffing by the edges of the Paper to the Eye, might 
mingle it felf with the Light of the Paper and obfcure the 
Phenomenon thereof. Thefe things being thus ordered, 
I found that if the refracting Angle of the Prifm be turned 
upwards, fo that the Paper may feem to be lifted upwards 
by the Refraction, its blew half will be lifted higher by 
the Refraction than its red half. But if the refracting 
Angle of the Prifm be turned downward, fo that the Pa- 
per may feem to be carried lower by the Refraction, its 
blew half will be carried fomething lower thereby than 
its red half. Wherefore in both cafes the Light which 
comes from the blew half of the Paper through the Prifm 
to the Eye, does in like Circumftances fuffer a greater Re- 
fraction than the Light which comes from the red half, 
and by confequence is more refrangible. 

[lluftration. Inthe Eleventh Figure, M N reprefents the 
Window,and D E the Paper terminated with parallel Sides 
DJ and HE, and by the tranfverfe Line F G diftinguifhed 
into two halfs, the one D G of an intenfely blew Colour, 
the other F E of an intenfely red. And BACcab repre- 
fents the Prifm whofe refracting Planes AB? a and ACca 
meet in the edge of the refra&ting Angle Aa. Thisedge 
Aa being upward, is parallel both to the Horizon and to 
the parallel edges of the Paper DJ and H E. And de re- 
prefents the Image of the Paper feen by Refraction up- 
wards in fuch manner that the blew half DG is carried 
higher to dg than the red half FE is to fe, and therefore 

fuffers 
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fuffers a greater Refraction. If the edge of the refracting 
Angle be turned downward, the Image of the Paper will 
be refracted downward fuppofe to 3«, and the blew half 

will be refracted lower to ? 7 than the red half is to ?«. 
Exper. 2. About the aforefaid Paper, whofe two halfs 
were painted over with red and blew, and which was ftiff 
like thin Paftboard, I lapped feveral times a flender thred 
of very black Silk, in fuch manner that the feveral parts 
of the thred might appear upon the Colours like fo many 
black Lines drawn over them, or like long and (lender 
dark Shadows caft upon them. I might have drawn black 
Lines with a Pen, but che threds were fmaller and better 
defined. This Paper thus coloured and lined I fet againft 
a Wall perpendicularly to the Horizon, fo that one of the 
Colours might ftand to the right hand and the other to 
the left. Clofe before the Paper at the confine of the Co- 
lours below I placed a Candle to illuminate the Paper 
ftrongly : For the Experiment was tried in the Night. 
The flame of the Candle reached up to the lower edge of 
the Paper, or a very little higher. ‘Then at the diftance of 
Six Feet and one or two Inches from the Paper upon the 
Floor I erected a glafs Lens four Inches and a quarter 
broad, which might collect the Rays coming from the 
feveral Points of the Paper, and make them converge to- 
wards fo many other Points at the fame diftance of fix 
Feet and one or two Inches on the other fide of the Lens, 
and fo form the Image of the coloured Paper upon a white 
Paper placed there; after the fame manner that a Lens at 
a hole in a Window cafts the Images of Objects abroad 
upon a Sheet of white Paper in a dark Room. The afore- 
faid white Paper, erected perpendicular to the Horizon 
and to the Rays which fell upon it from the Lens, I moved 
fometimes towards the Lens, fometimes from it, to find 
the 
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the places where the Images of the blew and red parts of 


the coloured Paper appeared moft diftin&. Thofe places 
I eafily knew by the Images of the black Lines which I 
had made by winding the Silk about the Paper. For the 


Images of thofe fine and flender Lines (which by reafon of 


their blacknefs were like Shadows on the Colours) were 
confufed and ícarce vifible, unlefs when the Colours on ei- 
ther fide of each Line were terminated moft diftin&ly. 
Noting therefore, as diligently as I could, the places where 


the Images of the red and blew halfs of the coloured Pa- 


per appeared moft diftinét, I found that where the red 
half of the Paper appeared diftin&t, the blew half appeared 
confufed, fo that the black Lines drawn upon it could 
{carce be feen ; and on the contrary where the blew half 
appeared moft diftin& the red half appeared confufea, fo 
that the black Lines upon it were fcarce vifible. And be- 
tween the two places where thefe Images appeared diftin& 
there was the diftance of an Inch and a halt : the diftance 
of the white Paper from the Lens, when the Image of the 
red half of the coloured Paper appeared moft diftin&t, be- 
ing greater by an Inch and an half than the diftance of the 
fame white Paper from the Lens when the Image of the 
blew half appeared moft diftin&. In like Incidences there- 
fore of the blew and red upon the Lens, the blew was re- 
fracted more by the Lens than the red, fo as to converge 
Íooner by an Inch and an half, and therefore is more refran- 
ible. 
n Muftration. In che Twelfth Figure, DE fignifies the co- 
loured Paper, D G the blew half, FE the red halff MN 
the Lens, HJ the white Paper in that place where the red 
half with its black Lines appeared diftinét, and hi the fame 
Paper in that place where the blew half appeared diftindt. 
The place bi was nearer to the Lens M N than the place 
HJ by an Inch and an half. Scholium. 
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Scholium. "The fame things fucceed notwithftanding that 
(ome of the Circumftances be varied : as in the firft Ex- 
periment when the Prifm and Paper are any ways inclined 
to the Horizon, and in both when coloured Lines are 
drawn upon very black Paper. But in the Defcription of 
thefe Experiments , I have fet down fuch Circumftances 
by which either the Phenomenon might be rendred more 
confpicuous, or a Novice might more eafily try them, or 
by which I did try them only. The fame thing I have 
often done in the following Experiments : Concerning all 
which this one Admonition may fuffice. Now from thefe 
Experiments it follows not that all the Light of the blew 
is more Refrangible than all the Light of the red ; For 
both Lights are mixed of Rays differently Refrangible, 
So that in the red there are fome Rays not lefs Refrangible 
than thofe of the blew , and in the blew there are fome 
Rays not more Refrangible than thofe of thered; But 
thefe Rays in Proportion to the whole Light are but few, 
and ferve to diminifh the Event of the Experiment , but 
are not able to deftroy it. For if the red and blew Co- 
lours were more dilute and weak, the diftance of the Ima- 
ges would be lefs than an Inch and an half ; and if they 
were more intenfe and full, that diftance would be greater, 
as will appear hereafter. Thefe Experiments may fuffice 
for the Colours of Natural Bodies. For in the Colours 
made by the Refraction of Prifms this Propofition will 
appear by the Experiments which are now to follow in the 
next Propofition. 


[18] 
PROP. IL.) Theor: II. 
The Light of the Sun confifls of Rays differently Refrangible: 


The Proof by Experiments. 


Exper. 3. V N a very dark Chamber ata round hole about 
one third part of an Inch broad made im the 

Shut of a Window I placed a Glafs Prifm, whereby the 
beam of the Sun’s Light which came in at that hole might 
be refracted upwards toward the oppofite Wall of the 
Chamber, and there form a coloured Image of the 
Sun. The Axis of the Prifm (that is the Line paffing 
through the middle of the Prifm from one end of it to 
the other end Parallel to the edge of the Refracting Angle) 
was in this and the following Experiments perpendicular 
to the incident Rays. About this Axis I curned the Prifm 
flowly , and faw the refracted Light on the Wall or co- 
loured Image of the Sun firft to. defcend and then to aí- 
cend. Between the Defcent and Afcent when the Image 
feemed Stationary , I ftope the Prifm, and fixe it in that 
Pofture, that it fhould be moved no more. For in that 
pofture the Refractions of the Light at the two fides of 
the Refracting Angle, that is at the entrance of the Rays 
into the Prifm and at their going out of it, were equal to 
one another. So alío in other Experiments as often as I 
would have the Refra&ions on both fides the Prifm to be 
equal to one another, I noted the place where the Image 
of the Sun formed by the refra&ed Light ftood ftill be- 
tween its two contrary Motions, in the common Period 
of its progrefs and egrefs ; and when the. Image fell upon 
than place, I made faft the Prifm. And in this pofture, " 
the 
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the moft convenient,it is to be underftood that all the Prifms 
are placed in the following Experiments, unlefs where fome 
other pofture is defcribed. The Prifm therefore being pla- 
ced in this pofture, I let the refracted Light fall perpendi- 
cularly upon a Sheet of white Paper at the oppofite Wall 
of che Chamber, and obferved the Figure and Dimenfions 
of the Solar Image formed on the Paper by that Light. 
This Image was Oblong and not Oval, but terminated 
with two Reétilinear and Parallel Sides, and two Semi- 
circular Ends. On its Sides it was bounded pretty diftin&ly, 
but on its Ends very confufedly and indiftin&ly, the Light 
there decaying and vanifhing by degrees. The breadth of 
this Image anfwered to the Sun's Diameter, and was about 
two Inches and the eighth part of an Inch, including the 
Penumbra. For the Image was eighteen Feet and an half 
diftant from the Prifm, and at this diftance that breadth if 
diminifhed by the Diameter of the hole in the Window-fhut, 
that is by a quarter of an Inch, fubtended an Angle at the 
Prifm of about half a Degree, which is the Sun’s apparent 
Diameter. But the length of the Image was about ten Inches 
and a quarter, and the length of the Rectilinear Sides about 
eight Inches ; And the refracting Angle of the Prifm where- 
by fo great a length was made, was 64 degr. With a lefs 
Angle the length of the Image was lefs, the breadth re- 
mamming the fame. If the Prifm was turned about its Axis 
that way which made the Rays emerge more obliquely out 
of the fecond refracting Surface of the Prifm, the Image foon 
became an Inch or two longer, or more; and if the Prifm 
was turned about the contrary way, fo as to make the Rays 
fall more obliquely on the firft refracting Surface, the Image 
foon became an Inch or two fhorter. And therefore in try- 
ing this Experiment, I was as curious as I could be in pla- 
cing the Prifm by the above-mentioned Rule exactly m 

Cz fuch 
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fuch a pofture that the Refractions of the Rays at their emer- 
gence out of the Prifm might be equal to that at their inci- 
dence on it. This Prifm had fome Veins running along 
within the Glaís from one end to the other, which fcat- 
tered fome of the Sun's Light irregularly, but had no fen- 
fible effe& in encreafing the length of the coloured Spec- 
trum. For I tried the fame Experiment with other Prifms 
with the fame Succefs. And particularly with a Prifm 
which feemed free from fuch Veins, and whofe refracting 
Angle was 62! Degrees, I found the length of the Image 93 
or 10 Inches at the diftance of 18! Feet from the Prifm, 
the breadth of the hole in the Window-fhut being of an 
Inch as before. And becaufe it is eafie to commit a mi- 
ftake in placing the Prifm in its due pofture, I repeated 
the Experiment four or five times, and always found the 
length of the Image that which is fet down above. With 
another Prifm of clearer Glafs and better Pollifh, which 
feemed free from Veins and whofe refracting Angle was 
63 * Degrees, the length of this Image at the fame diftance 
of 18: Feet was alío about 10 Inches, or 10i. Beyond 
thefe Meafures for about ? or ! of an Inch at either end of 


the Spectrum the Light of the Clouds feemed to be a little 
tinged with red and violet, but fo very faintly that I fufpe- 
éted that tincture might either wholly or in great meafure 
arife from fome Rays of the Spectrum fcattered irre- 
gularly by fome inequalities in the Subftance and Polifh 
of the Glafs, and therefore I did not include it in thefe 
Meafures. Now the different Magnitude of the hole in 
theWindow-fhut, and different thicknefs of the Prifm where 
the Rays paffed through it, and different inclinations of the 
Prifm to the Horizon, made no fenfible changes in the 
length of the Image. Neither did the different matter of 

| the 
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the Prifms make any: for in a Veffel made of polifhed 
Plates of Glafs cemented together in the fhape of a Prifm 
and filled with Water, there is the like Succefs of the Ex- 
periment according to the quantity of the Refraction. It 
is further to be obferved, that the Rays went on in right 
Lines from the Prifm to the Image, and therefore. at their 
very going out of the Prifm had all that Inclination to 
one another from which the length of the Image pro- 
ceeded, that is the Inclination of more than. two Degrees 
and an half. And yet according to the Laws of Opticks 
vulgarly received, they could not poffibly be fo much in- 


clined to one another. For let EG reprefent the Window- Fig. 13 


fhut, F the hole made therein through which a beam of the 
Sun's Light was tranfmicted into the darkned Chamber, and 
ABC a Triangular Imaginary Plane whereby the Prifm is 
feigned to be cut tranfverfly through the middle of the 
Light. Or if you pleafe, let A B C reprefent the Prifm it 
felf, looking directly towards the Spectator's Eye with its 
nearer end : And let X Y be the Sun, M N thePaper upon 
which the Solar Image or Spectrum is caft, and P T the 
Image it felf whofe fides tovvards V and W are Rectili- 
near and Parallel, and ends tovvards P and T Semicir- 
cular. YKHP and X LJ T are the two Rays, the firft 
of which comes from the lower part of the Sun to the 
higher part of the Image, and is refra&ted in the Prifm ac 
K and H, and the latter comes from the higher part of 
the Sun to the lower part of the Image, and is refracted 
at L and J. Since the R efra&tions on both fides the Prifm 
are equal to one another, that is the Refraction at K equal 
to the Refraction at J, and the Refraction at L equal to 
the Refraction at H, fo that the Refra&ions of the inci- 
dent Rays at K and L taken together are equal to the 
Refractions of the emergent Rays at Hand J taken toge- 
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ther : it follows by adding equal things to equal things, 
that the Refractions at K and H taken together, are equal 
to the Refractions at J and L taken together , and there- 
fore the two Rays being nr refracted have the fame 
Inclination to one another after Refraction which they had 
before, chat is the Inclination of half a Degree anfwering 
to the Sun’s Diameter. For fo great was the Inclination 
of the Rays to one another before Refraction. So then, 
the length of the Image P T would by the Rules of Vul- 
gar Opticks fubtend an Angle of half a Degree at the 
Prifm, and by confequence be equal to the breadth vw; 
and therefore the Image would be round. ‘Thus it would 
be were the two Rays XL J T and YK HP and all the 
reft which form the Image Pw T v, alike Refrangible. 
And therefore feeing by Experience it is found that the 
Image is not round but about five times longer than 
broad, the Rays which going to the upper end P of the 
Image fuffer the greateft Refraction, muft be more Refran- 
gible than thofe which go to the lower end T , unlefs the 
inequality of Refraction be cafual. 

This Image or Spectrum P T was coloured, being red 
at its leaft refracted end 'T', and violet at its moft refracted 
end P, and yellow green and blew in the intermediate 
Ípaces. Which agrees with the firft Propofition, that Lights 
which differ in Colour do alío differ in Refrangibility. 
The length of the Image in the foregoing Experiments I 
meafured from the fainteft and outmoft red at one end, to 
the fainteft and outmoft blew at the other end. 

Exper. 4. In the Sun's beam which was propagated in- 
to the Room through the hole in the Window-fhut, at 
the diftance of fome Feet from the hole, I held the Priím 
in fuch a pofture that its Axis might be perpendicular to 
that beam. Then I looked through the Prifm upon the 

hole, 
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hole, and turning the Prifm to and fro about its Axis to 
make the Image of the hole afcend and defeend, when be- 
tween its two contrary Motions it feemed ftationary, I 
ftopt the Prifm that the Refractions on both fides of the 
‘eats Angle might be equal to each other as in the 
former Experment. In this Situation of the Prifm views 
ing through it the faid hole, E obferved the length of its 
refracted Image to be many times greater than its breadth, 
and that the moft refracted part thereof appeared violet, 
the leaft refracted red, the middle parts blew green and. 
yellow in order. ‘The fame thing happened when I re- 
moved the Prifm out of the Suns Light , and looked 
through it upon the hole fhining by the Light of the 
Clouds beyond it. And yet if the Refraétion were done 
regularly according to one certain. Proportion of the Sines 
of Incidence and Refraction as is vulgarly fuppofed, the 
refracted Image ought to have appeared round. 

So then, by thefe two Experiments it appears that in 
equal Incicences there is a. confiderable inequality of Re- 
fractions : But whence this inequality arifes, whether it be 
that fome of the incident Rays are refracted’ more and 
others lefs, conftantly or by chance, or that one and the 
fame Ray is by Refraction difturbed, fhatrered, dilated, 
and as it were fplit and fpread into many diverging Rays, 
as Grimaldo fuppofes, does not yet appear by thefe Experi- 
ments, but will appear by thofe that follow. 

Exper. 5. Confidering therefore, that if in the third Ex- 
periment the Image of the Sun fheuld be drawn out into 
an oblong form, either by a Dilatation of every Ray, or 
by any other cafual inequality of the Refractions, the fame 
obleng Image would by a fecond Refraction made Side- 
ways be: drawn out as much in breadth by the like Dila- 
tation of the Rays or other cafual inequality of the Re- 

fractions 
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fractions Sideways, I tried what would be the Effects of 
fuch a fecond Refraction. For this end I ordered all things 
as in the third Experiment, and then placed a fecond Prifm 
immediately after the firft in a crofs Pofition to it, that it 
might again refra& the beam of the Sun's Light which 
came to it through the firft Prifm. In the firft Prifm this 
beam was refracted upwards, and in the fecond Sideways. 
And I found that by the Refraction of the fecond Prifm 
the breadth of the Image was not increafed, but its fupe- 
rior part which in the firft Prifm fuffered the greater Re- 
fraction and appeared violet and blew, did again in the 
fecond Prifm fuffer a greater Refraction than its inferior 
part, which appeared red and yellow , and this without 
any Dilation of the Image in breadth. 

Iluftration. Let S reprefent the Sun, F the hole in the 
Window, A B C the firft Prifm, D H the fecond Prifm, Y 
the round Image of the Sun made by a direct beam of 
Light when the Prifms are taken away, P T. the oblong 
Image of the Sun made by that beam paffing through the 
firft Prifm alone when the fecond Prifm is taken away, and 
pt the Image made by the crofs Refractions of both 
Prifms together. Now if the Rays which tend towards 
the feveral Points of the round Image Y were dilated and 
fpread by the Refraction of the firlt Prifm, fo that they 
fhould not any longer go in fingle Lines to fingle Points, 
but that every Ray being fplic, fhattered, and changed 
from a Linear Ray to a Superficies of Rays diverging 
from the Point of Refraction, and lying in the Plane of 
the Angles of Incidence and Refraction, they fhould 
go in thofe Planes to fo many Lines reaching almoft 
from one end of the Image P T to the other, and if 
that Image fhould thence become oblong : thofe Rays 
and their feveral parts tending towards the feveral Points of 


the 
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the Image P T ought to be again dilated and fpread Side- 
ways by the tranfverfe Refraction of the fecond Prifm, fo 
as to compofe a fourfquare Image, fuch as is reprefented 
at 7. For the better underftanding of which, let the Image 
P T be diftinguifhed into five equal Parts POK, KORL, 
LRSM, MSVN, NVT. And by the fame irregularity 
that the Orbicular Light Y is by the Refraétion of the firft 
Prifm dilated and drawn out into a long Image P T, the 
the Light P QK which takes up a fpace of the fame length 
and breadth with the Light Y ought to be by the Refra- 
&ion of the fecond Prifm dilated and drawn out into the 
long Image »4 4p, and the Light K QR L into the long 
Image kqrl, and the Lights LRSM, MSVN,NVT 
into fo many other long Images /7 s m, m s v n, nv t1; and 
all thefe long Images would compofe the fourfquare Image 
71. Thus it ought to be were every Ray dilated by Re- 
fraction, and fpread into a triangular Superficies of Rays 
diverging from the Point of Refraction. For the fecond 
Refraction would fpread the Rays one way as much as the 
firft doth another, and fo dilate the Image in breadth as 
much as the firft doth in length. And the fame thing 
ought to happen, were fome Rays cafually refracted more 
than others. But the Event is otherwife. The Image P T 
was not made broader by the Refra&ion of the fecond 
Prifm, but only became oblique, as ‘tis reprefented at f t, 
its upper end P being by the Refraction tranflated to a 
greater diftance than its lower end T. So then the Light 
which went towards the upper end P of the Image, was 
(at equal Incidences) more refracted in the fecond Prifm 
than the Light which tended towards the lower end T, 
that is the blew and violet, than the red and yellow ; and 
therefore was more Refrangible. The fame Light was by 


the Refra&ion of the firft Prifm tranflated further fom the 
D lace 
place 
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place Y to which it tended before Refraction ; and there- 
fore fuffered as well in che firft Prifm as in the fecond a 
greater Refraction than the reft of the Light, and by con- 
fequence was more Refrangible than the reft, even before 
its incidence on the firft Prifm. 

Sometimes I placed a third Prifm after che fecond, and 
fometimes alfo a fourth after the third , by all which the 
Image might be often refracted fideways : but the Rays 
which were more refracted than the reft in the firft. Prifm 
were alío more refracted in all the reft, and that without 
any Dilatation ofthe [mage fideways : and therefore thofe 
Rays for their conftancy of a greater. Refraction are de- 
fervedly reputed more Refrangible. 

But that the meaning of this Experiment may more 
clearly appear, it is to be confidered that the Rays which 
are equally Refrangible do fall upon a circle anfwering to 
the Sun's Difque. For this was proved in the third Experi- 
ment. By a circle I underftand not here a perfect Geo- 
metrical Circle, but any Orbicular Figure whofe length is 
equal to its breadth, and which, as to fenfe, may feem 
circular. Let therefore AG reprefent the circle which all 
the moft Refrangible Rays propagated from the whole 
Difque of the Sun, would illuminate and paint upon the 
oppofite Wall if they were alone; E L the circle which all 
the leaft Refrangible Rays would in like manner illuminate 
and paint if they were alone; BH, CJ, DK, the circles 
which fo many intermediate forts of Rays would fuccef- 
fively paint upon the Wall, if they were fingly propagated 
from the Sun in fucceffive Order, the reft being always in- 
tercepted ; And conceive that there are other intermediate 
Circles without. number which innumerable other inter- 
mediate forts of Rays would fucceffively paint upon the 
Wall if the Sun fhould fucceffively emit every fort apart. 
And 
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And feeing the Sun emits all thefe forts at once, they muft 
all together illuminate and paint innumerable equal cir- 
cles, of all which, being according to their degrees of Re- 
frangibility placed in order in a continual feries, that ob- 
long Spectrum PT is compofed which I defcribed in the 
third Experiment. Now if the Sun's circular Image Y 
which is made by an unrefracted beam of Light was by 
any dilatation of the fingle Rays, or by any other irregu- 
larity in the Refraction of the firft Prifm, converted into 
the Oblong Spectrum, PT: then ought every circle A G, 
BH, C J, ec. in that Spectrum, by the crofs Refra- 
ction of the fecond Prim again dilating or otherwife 
{cattering the Rays as before, to be in like manner drawn 
out and transformed into an Oblong Figure, and thereby 
the breadth of the Image P F would be now as much aug- 
mented as the length of the Image Y was before by the Re- 
fraction of the firft Prifm ; and thus by the Refractions of 
both Prifms together would be formed a fourfquare Figure 
p7t' as I defcribed above. Wherefore fince the breadth of 
the Spectrum P T is not increafed by the Refraction fide- 
ways, it Is certain that the Rays are not fplit or dilated, or 
otherways irregularly fcattered. by that Refraction, but 
that every circle is by a regular and uniform Refraction 
cranflated entire into another place, as the circle AG by 
the greateft Refraction into the place ag, the circle BH by 
a lefs Refraction into the place 6h, the circle CJ by a Re- 
fraction ftill lefs into the place ci, and fo of the reft; by 
which means a new Spectrum pt inclined to the former 
P T is in like manner compofed of circles lying in a 
right Line ; and thefe circles muft be of the fame bignefs 
with the former, becaufe the breadths of all the Spe- 
&rums Y, P T and pt at equal diftances from the Prifms: 
are equal. 
Ds 
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I confidered further that by the breadth of the hole F 
through which the Light enters into the Dark Chamber, 
there is a Penumbra made in the circuit of the Spectrum 
Y, and that Penumbra remains in the rectilinear Sides of 
the Spectrums P T and pt. I placed therefore at that hole 
a Lens or Object-glafs of a Telefcope which might caft 
the Image of the Sun diftin@ly on Y without any Penum- 
bra at all, and found that the Penumbra of the Redctili- 
near Sides of the oblong Spectrums P T and pt was alfo 
thereby taken away, fo that thofe Sides appeared as di- 
ftinétly defined as did the Circumference of the firft Image 
Y. Thus it happens if the Glafs of the Prifms be free 
from veins, atd their Sides be accurately plane and well 
polifhed without thofe numberlefs waves or curles which 
ufually arife from Sand-holes a little fmoothed in polifh- 
ing with Putty. If the Glafs be only well polifhed and 
free from veins and the Sides not accurately plane but a 
little Convex or Concave, as it frequently happens ; yet 
may the three Spectrums Y, P T and pt want Penumbras, 
but not in equal diftances from the Prifms. Now from 
this want of Penumbras, I knew more certainly that every 
one of the circles was refra&ted according to fome moft 
regular, uniform, and conftant law. For if there were 
any irregularity in theRefraction, the right Lines A E and 
G L which all the circles in the Spectrum P T do touch, 
could not by that Refraction be tranflated into the Lines 
4 € and gl as diftin& and ftraight as they were before, but 
there would arife in thofe tranflated Lines fome Penumbra 
or crookednefs or undulation, or other fenfible Perturba- 
tion contrary to what is found by Experience. Whatfo- 
ever Penumbra or Perturbation fhould be made in the 
circles by the crofs Refraction of the fecond Prifm , all 
that Penumbra or Perturbation would be conípicuous in 
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the right Lines a e and g/ which touch thofe circles. And 
therefore fince there is no fuch Penumbra or Perturbation 
in thofe right Lines there muft be none in the circles. 
Since the diftance between thofe Tangents or breadth of 
the Spectrum is not increafed by the Refractions, the Dia- 
meters of the circles are not increafed thereby. Since thofe 
Tangents continue to be right Lines, every circle which 
in the firft Prifm is more or lefs refracted, is exactly in 
the fame Proportion more or lefs refracted in the fecond. 
And feeing all thefe things continue to fucceed after the 
fame manner when the Rays are again in a third Prifm, 
and again in a fourth refracted Sideways, it is evident that 
the Rays of one and the fame circle as to their degree of 
Refrangibility continue always Uniform and Homogeneal 
to one another, and that thofe of feveral circles do differ 
in degree of Refrangibility, and that in fome certain and 
conftant Proportion. Which is the thing I was to prove. 
There is yet another Circumftance or two of this Ex- Fig. 16. 

periment by which it becomes ftill more plain and con- 
vincing. Let the fecond Prifm D H be placed not imme- 
ately after after the firft, but at fome diftance from it ; 
Suppofe in the mid-way between it and the Wall on which 
the oblong Speétrum P T is caft, fo that the Light from 
the firft Prifm may fall upon it in the form of an oblong 
Spectrum, 77 Parallel to this fecond Prifm,and be refraéted 
Sideways to form the oblong Spectrum pt upon the Wall. 
And you will find as before, that this Spectrum pt is in- 
clined to that Spe&rum P T, which the firft Prifm forms 
alone without the fecond ; the blew ends P and p being fur- 
ther diftant from one another than the red ones T and t, 
and by confequence that the Rays which go to the blew 
end = of the Image 77 and which therefore fuffer the greateft 
Refraction in the firft Prifm, are again in the fecond Prifm 
more refracted than the reft. The 
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The fame thing I try d alfo by letting the Sun's Light 
into a dark Room through two little round holes F and o 
made in the Window, and with two Parallel Prifms ABC 
and «gy placed at thofe holes ( one at each) refracting 
thofe two beams of Light to the oppofite Wall of the 


‘Chamber, in fuch manner that the two colourd Images 


PT and m which they there painted were joyned end to 


end and lay in one ftraight Line, the red end T of the 


one touching the blew end m of the other. For if thefe 
two refracted beams were again by a third Prifm D H pla- 
ced croft to the two firft, refracted Sideways, and the Spe- 
ctrums thereby tranflated to fome other part of the Wall 
of the Chamber , fuppofe the Spectrum P T to pt and 
the Spectrum MN to mn, thefe tranflated Spectrums pt 
and mn would not lie in one ftraight Line with their ends 
contiguous as before, but be broken off from one another 
and become Parallel, the blew end of the Image m » being 
by a greater Refraction tranflated farther from its former 
place M T, than the red end: of the other Image pt from 
the fame place MT which puts the Propofition paft di- 
{puce. And this happens whether the third Prifm D H be 
placed immediately after the two firft or at a great diftance 
from them, fo that the Light refraéted in the two. firft 
Prifms be either white and circular, or coloured and ob- 
long when it falls on the third. 

Exper. 6. In the middle of two thin Boards I made 
round holes a third part of an Inch in Diameter, and in 
the Window-fhut a much broader hole, being made to let 
into my darkned Chamber a large beam of the Sun’s 
Light ; I placed a Prifm behind the Shut in that beam to 
refract it towards the oppofite Wall, and clofe behind the 
Prifm I fixed one of the Boards, in fuch manner that the 
middle of the refracted Light might pafs through the hole 


made 
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made in it, and the reft be intercepted by the Board. 
Then at the diftance of about twelve Feet from the firft 
Board I fixed the other Board, in fuch manner that the 
middle of the refracted Light which came through the hole 
in the firft Board and fell upon the oppofite Wall might 
pafs through the hole in this other Board, and the reft be- 
ing intercepted by the Board might paint upon it the co- 
loured Spectrum of the Sun. And clofe behind this Board 
I fixed another Prifm to refract the Light which came 
through the hole. Then I returned fpeedily to the firft 
Prifm, and by turning it flowly to and fro about its Axis, 
I caufed the Image which fell upon the fecond Board to 
move up and down upon that Board, that all its parts 
might fucceffively país through the hole in that Board and 
fall upon the Prifm behind it. And in the mean time, I 
noted the places on the oppofite Wall to which that Light 
after its Refraction in the fecond Prifm did pafs ; and by 
the difference of the places I found that the Light which 
being moft refracted 1n the firft Prifm did go to the blew 
end of the Image, was again more refracted in the fecond 
Prifm than the Light which went to the ted end of that 
Image, which proves as well the firft Propofition as the 
fecond. And this happened whether the Axis of the two 
Prifms were parallel, or inclined to one another and to the 
Herizon in any given Angles. 

Iluftration. Let F be the wide hole in the Window-fhut, Fig. 18: 
through which the Sun fhines upon the firft Prifm ABC, © 
and let the refraéted Light fall upon the middle of the 
Board DE, and the middle part of that Light upon the 
hole G made in the middle of that Board. Let his "vr 


jected part of the Light fall again upon the middle of the 
fecond Board de and there V kon fuch an oblong coloured 


cribed in the third Experiment. 


Image of the Sun as was de 
By 
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By turning the Prim AB C flowly to and fro about its 
Axis this Image will be made to move up and down the 
Board d e, and by this means all its parts from one end to 
the other may be made to país fucceffively through the 
hole g which is made in the middle of that Board. In the 
mean while another Priím abc is to be fixed next after 
that hole g to refract the trajected Light a fecond time. 
And thefe things being thus ordered, I marked the places 
M and N of the oppofite Wall upon which the refracted 
Light fell,and found that whilft the two Boards and fecond 
Prifm remained unmoved, thofe places by turning the firft 
Prifm about its Axis were changed perpetually. For when 
the lower part of the Light which fell upon the fecond 
Board de was caft through the hole g it went to a lower 
place M on the Wall, and when the higher part of that 
Light was caft through the fame hole g, it went to a higher 
place N on the Wall, and when any intermediate part of 
the Light was caft through that hole it went to fome place 
on the Wall between M and N. The unchanged Pofition 
of the holes in the Boards, made the Incidence of the Rays 
upon the fecond Prifm to be the fame in all cafes. And 
yet in that common Incidence fome of the Rays were more 
refracted and others lefs. And thofe were more refracted 
in this Prifm which by a greater Refraction in the firft 
Prifm were more turned out of the way, and therefore for 
their conftancy of being more refracted are defervedly cal- 
led more Refrangible. 

Exper. 7. At two holes made near one another in my 
Window-fhut I placed two Prifms , one at each, which 
might caft upon the oppofite Wall (after the manner of 
the third Experiment ) two oblong coloured Images of the 
Sun. And at a little diftance from the Wall I placed a 
long flender Paper with ftraight and parallel edges, and 

ordered 
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ordered the Prifms and Paper fo, that the red Colour of 
one Image might fall directly upon one half of the Paper, 
and the violet colour of the other Image upon the other 
half of the fame Paper; fo that the Paper appeared of two 
Colours, red and violet, much after the manner of the 
painted Paper in the firft and fecond Experiments. Then 
with a black Cloth I covered the Wall behind the Paper, 
that no Light might be reflected from it to difturb the 
Experiment, and viewing the Paper through a third Prifm 
held parallel to it, I faw that half of it which was illumi- 
nated by the Violet-light to be divided from the other 
half by a greater Refraction, efpecially when I went a good 
way off from the Paper. For when I viewed it too near 
at hand, the two halfs of the Paper did not appear fully 
divided from one another, but feemed contiguous at one 
of their Angles like the painted Paper in the firft Expe- 
ea Which alfo happened when the Paper was too 
road. 

Sometimes inftead of the Paper I ufed a white Thred, 

and this appeared through the Prifm divided into two Pa- 


rallel Threds as is reprefented in the 19th Figure , where Fig. 19. 


D G denotes the Thred illuminated with violet Light 
from D to E and with red Light from F toG, and de fg 
are the parts of the Thred feen by Refraction. If one half 
of the Thred be conftantly illuminated with red, and the 
other half be illuminated with all the Colours fucceffively, 
(which may be done by caufing one of the Prifms to be 
turned about its Axis whilft che other remains unmoved) 
this other half in viewing the Thred through the Prifm, 
will appear in a continued right Line with the firft half 
when illuminated with red , and begin to be a little divi- 
ded from it when illuminated with Orange, and remove 
further from it when illuminated with Yellow, and ftill 

E further 
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further when with Green, and further when with Blew, and 
go yet further off when illuminated with Indigo, and fur- 
theft when with deep Violet. Which plainly fhews, that 
the Lights of feveral Colours are more and more Refran- 
gible one than another, in this order of their Colours, Red, 

Orange, Yellow, Green, Blew, Indigo, deep Violet ; and 
fo proves as well the firft Propofition as the fecond. 

| caufed alfo the coloured Spectrums PT and MN 
made in a dark Chamber by the R efractions of two Prifms 
to lyein a right Line end to end, as was defcribed above 
in the fifth Experiment, and viewing them through a third 
Prifm held Parallel to their length,they appeared no longer 
in a right Line, but became broken from one another, as 
they are reprefented at pt and mn, the violet end m of the 
Spectrum mn being by a greater Refraction tranflated 
further from its former place M T than the red end ¢ of the 
other Spectrum p t. 

I further caufed thofe two Spectrums P T and MN to 
become co-incident in an inverted order of their Colours, 
the red end of each falling on the violet end of the other, 
as they are reprefented in the oblong Figure PTMN,; 
and then viewing them through a Prifm D H held Paral- 
lel to their length, they appeared not co-incident as when 
viewed with the naked Eye, but in the form of two di- 
ftinét Spectrums pt and mn croffing one another in the 
middle after the manner of the letter X. Which fhews 
that the red of the one Spectrum and violet of the other, 
which were co-incident at P N and MT, being parted 
from one another by a greater Refraction of the violet to 
p and m than of the red to » and t, do differ in degrees of 
Refrangibility. 

I illuminated alfo a little circular piece of white Paper 
all over with the Lights of both Prifms intermixed, and 


when 
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when it was illuminated with the red of one Spectrum and 
deep violet of the other, fo as by the mixture of thofe 
Colours to appear all over purple, I viewed the Paper, 
firft at a lefs diftance , and then at a greater, through a 
third Prifm ; and as I went from the Paper, the refracted 
Image thereof became more and more divided by the un- 
equal Refraction of the two mixed Colours, and at length 
parted into two diftin& Images, a red one and a violet one, 
whereof the violet was furtheft from the Paper, and there- 
fore fuffered the greateft Refraction. And when that Prifm 
at the Window which caft the violet on the Paper was ta- 
ken away,the violet Image difappeared; but when the other 
Prifm was taken away the red vanifhed : which fhews that 
thefe two Images were nothing elfe than the Lights of the 
two Prifms which had been intermixed on the purple Pa- 
per, but were parted again by their unequal Refractions 
made in the third Prifm through which the Paper was 
viewed. This alfo was obfervable that if one of the 
Prifmas at the Window, fuppofe that which caft the violet 
on the Paper, was turned about its Axis to make all the 
Colours in this order, Violet, Indigo, Blew, Green, Yel- 
low, Orange, Red, fall fucceffively on the Paper from that 
Prifm, the violet Image changed Colour accordingly, and 
in changing Colour came nearer to the red one, until when 
it was alfo red they both became fully co-incident. 

I placed alfo two paper circles very near one another, 
the one in the red Light of one Prifm, and the other in 
the violet Light of the other. The circles were each of 
them an Inch in Diameter, and behind them the Wall was 
dark that the Experiment might not be difturbed by any 
Light coming from thence. Thefe circles thus illuminated, 
I viewed through a Prifm fo held that the Refraction might 
be made towards the red circle, and as I went from them 

ES they 
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they came nearer and nearer together, and at length be- 
came co-incident ; and afterwards: when I went ftill further 
off, they parted again in a contrary order, the violet by a 
greater Refraction being carried beyond the red. 

Exper. 8. In Summer when the Sun's Light ufes to 
be ftrongeft, I placed a Prifm at the hole of the Window- 
Íhut, as in the third Experiment, yet fo that its Axis might 
be Parallel to the Axis of the World, and at the oppofite 
Wall in the Sun’s refracted Light, I placed an open Book. 
Then going Six Feet and tvvo Inches from the Book, I 
placed there the abovementioned Lens,by vvhich the Light 
reflected from the Book might be made to converge and 
meet again at the diftance of fix Feet and tvvo Inches be- 
hind the Lens , and there paint the Species of the Book 
upon a fheet of vvhite Paper much after the manner of the 
fecond Experiment. The Book and Lens being made faft, 
I noted the place vvhere the Paper vvas, vvhen the Letters 
of the Book, illuminated by the fulleft red Light of the 
Solar Image falling upon it, did caft their Species on that 
Paper moft diftinétly ; And then I ftayd till by the Mo- 
tion of the Sun and confequent Motion of his Image on 
the Book, all the Colours io. that red to the middle of 
the blew pafs'd over thofe Letters; and when thofe Letters 
were illuminated by that blew, I noted again the place of 
the Paper when they caft their Species moft diftinétly upon 
it : And I found that this laft place of the Paper was nearer 
to the Lens than its former place by about two Inches and 
an half, or two and three quarters. So much fooner there- 
fore did the Light in. the violet end of the Image by a grea- 
ter Refraction converge and meet ,. than the Light in the 
red end. But in trying this the. Chamber was as dark as I 
could make it. For if thefe Colours be diluted and weak- 
aed by the mixture of any adventitious Light, the diftance 
between 
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between the places of the Paper willnot be fo great. This 
diftance in the fecond Experiment where the Colours of 
natural Bodies were made ufe of, was but an Inch and a 
half, by reafon of the imperfection of thofe Colours. Here 
in the Colours of the Prifm, which are manifeftly more 
full, intenfe, and lively than thofe of natural Bodies, the 
diftance is two Inches and three quarters. And were the 
Colours ftill more full, I queftion not but that the di- 
ftance would be confiderably greater. For the coloured 
Light of the Prifm, by the interfering of the Circles de- 
fcribed in the 11th Figure of the fifth Experiment, and alfo 
by the Light of the very bright Clouds next the Sun's 
Body intermixing with thefe Colours, and by the Light 
Ícattered by the inequalities in the polifh of the Prifm, was 
fo very much compounded, chat the Species which thofe 
faint and dark Colours, the Indigo and Violet, caft upon 
the Paper were not diftinct enough to be well obferved. 
Exper. 9. A Prifm, whofe two Angles at its Bafe were 
equal to one another and half right ones, and the third 
a right one, I placed in a beam. of the Sun’s Light let in- 
to a dark Chamber through a hole in the Window-fhut 
as in the third Experiment. And turning the Prifm flowly 
about its Axis until all the Light which went through one 
of its Angles and was refracted by it began to be reflected 
by its Bafe , at which till then it went out of the Glafs, 
I obferved that thofe Rays which had fuffered the greateft 
Refraction were fooner reflected than the reft. I conceived 
therefore that thofe Rays of the reflected Light, which 
were moft Refrangible, did firft of all by a total Reflexion 
become more copious in that Light than the reft, and 
that afterwards the reft alfo, by a total Reflexion, be- 
came as copious as thefe. To try this, I made the. re- 
flected. Light pafs through another Prifm, and being s 
cte 
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&ed by it to fall afterwards upon a fheet of white Paper 
laced at fome diftance behind it, and there by that.Re- 
raction to paint the ufual Colours of the Prifm. And 
then caufing the firft Prifm to be turned about its Axis as 
above, I obferved that when thofe Rays which in this Prifm 
had fuffered the greateft Refraction and appeared of a blew 
and violet Colour began to be totally reflected, the blew 
and violet Light on the Paper which was moft refracted 
in the fecond Prifm received a fenfible increafe above that 
of the red and yellow, which was leaft refracted; and 
afterwards when the reft of the Light which was green, 
yellow and red began to be totally reflected in the firft 
Prifm, the light of thofe Colours on the Paper received as 
great an increafe as the violet and blew had done before. 
Whence ’tis manifeft, that the beam of Light reflected by 
the Bafe of the Prifm, being augmented firft by the more 
Refrangible Rays and afterwards by the lefs Refrangible 
ones, is compounded of Rays differently Refrangible. 
And that all fuch refle&ed Light is of the fame Nature 
with the Sun's Light, before its Incidence on the Bafe of 
the Prifm, no Man ever doubted : it being generally al- 
lowed, that Light by fuch Reflexions fuffers no Alteration 
in its Modifications and Properties. I do not here take 
notice of any Refractions made in the Sides of the firft 
Prifm, becaufe the Light enters it perpendicularly at the 
firft Side, and goes out perpendicularly at the fecond Side, 
and therefore fuffers none. So- then, the Sun’s incident 
Light being of the fame temper and conftitution with his 
emergent Light, and the laft being compounded of Rays 
differently Refrangible , the firft muft be in like manner 

compounded. 
Iluftration. In the 21th Figure, A B C is the firft Prifm, 
B C its Bafe, B and C its equal Angles at the Bafe, each 


of 
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of 45 degrees, A its Rectangular Vertex, F M a beam of 
the Sun's Light let into a dark Room through a hole F 
one third part of an Inch broad, M its Incidence on theBafe 
of the Prifm,M G a lefs refracted Ray, MH a more refract- 
ed Ray, MN the beam of Light reflected from the Bafe, 
V X Y the fecond Prifm by which this beam in paffing 
through it is refracted, Nt the lefs refracted Light of this 
beam, and N p the more refracted part thereof. When the 
firft Prifm A B C is turned about its Axis according to the 
order of the Letters ABC, the Rays MH emerge more 
and more obliquely out of that Prifm, and at length after 
their moft oblique Emergence are reflected towards N, 
and going on to f do increafe the number of the Rays N p: 
Aftervvards by continuing the motion of the firft Prifm, the 
Rays MG are alfo reflected to N and increafe the number of 
the Rays Nt. And therefore the Light M N admits into 
its Compofition, firft the more Refrangible Rays, and then 
the lefs Refrangible Rays, and yet after this Compofition 
is of the {ame Nature vvith the Sun’s immediate Light F M, 
the Reflexion of the fpecular Bafe B C caufing no Altera- 
tion therein. 

Exper. 10. Two Prifms, which were alike in fhape, I 
tied fo together, that their Axes and oppofite Sides being 
Parallel, they compofed a Parallelopiped. And, the Sun 
fhining into my dark Chamber through a little hole in the 
Window-fhut, I placed that Parallelopiped in his beam at 
fome diftance from the hole, in fuch a pofture that the Axes 
of the Prifms might be perpendicular to the incident Rays, 
and that thofe Rays being incident upon the firft Side of 
one Prifm, might go on through the two contiguous Sides 
of both Prifms, and emerge out of the laft Side of the fe- 
cond Prifm. This Side being Parallel to the firft Side of 
the firft Prifm , caufed the emerging Light to be Parallel 


to. 
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to the Incident. Then, beyond thefe two Prifms I placed 
a third, which might refract that emergent Light, and by 
that Refraction caft the ufual Colours of the Prifm upon 
the oppofite Wall, or upon a fheet of white Paper held at 
a convenient diftance behind the Prifm for that refracted 
Light to fall upon it. After this I turned the Parallelopiped 
about its Axis, and found that when the contiguous Sides 
of the two Prifms beeame fo oblique to the incident Rays 
that thofe Rays began all of them to be reflected, thofe 
Rays which in the third Prifm had fuffered the greateft Re- 
fraction and painted the Paper with violet and blew, were 
firft of all by a total Reflexion taken out of the tranfmitted 
Light, the reft remaining and on the Paper painting their 
‘Colours of Green, Yellow, Orange, and Red as before ; 
and afterwards by continuing the motion of the two Prifms, 
the reft of the Rays alfo by a total Reflexion vanifhed in 
order, according to their degrees of Refrangibility. The 
Light therefore which emerged out of the two Prifms is 
compounded of Rays differently Refrangible , feeing the 
more Refrangible Rays may be taken out of it while the 
lefs Refrangible remain. But this Light being trajected 
only through the Parallel Superficies of the two Prifms, if 
it fuffered any change by the Refraction of one Superficies 
it loft that impreffion by the contrary Refraction of the 
other Superficies, and fo being reftored to its priftine con- 
ftitution became of the fame nature and condition as at firft 
before its Incidence on thofe Prifms ; and therefore, before 
its Incidence, was as much compounded of Rays differently 
Refrangible as afterwards. 

Illufiration. In the 22th Figure A B C and B C D are the 
the two Prifms tied together in the form of a Parallelo- 
piped, their Sides B C and C B being contiguous, and 
their Sides A B and C D Parallel. And HJ K is the third 

Priím, 
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Prifm, by which theSun's Light propagated through the 
hole F into the dark Chamber, and there paffing through 
thofe fides of the Prifms AB, BC, CB and CD, is refra- 
&ed at O to thewhite Paper P T, falling there partly upon 
P by a greater Refraction, partly upon T by a lefs Refra- 
&ion, and partly upon R and other intermediate places by 
intermediate Refractions. By turning the Parallelopiped 
A CBD about its Axis, according to the order of the Let- 
ters A,C,D,B, at length when the contiguous Planes BC 
and CB become fufficiently oblique to the Rays F M, 
which are incident upon them at M, there will vanifh to- 
tally out of the refracted Light OP T, firft of all the moft 
refracted Rays O P, (the reft OR and O T remaining as 
before) then the Rays OR and other intermediate ones, 
and laftly, the leaft refra&ed Rays O T. For when the 
Plane BC becomes fufficiently oblique to the Rays inci- 
dent upon it, thofe Rays will begin to be totally refle&- 
ed by it towards N ; and firft the moft Refrangible Rays 
will be totally refle&ed (as was explained in the preceding 
experiment) and by confequence muft firft difappear at P, 
and afterwards the reft as they are in order totally reflect- 
ed to N, they muft difappear in the fame order at R and 
T. So then the Rays which at O fuffer the greateft Re- 
fraction, may be taken out of che Light MO whilft the reft 
of the Rays remain in it, and therefore that Light MO is 
Compounded of Rays differently Refrangible. And be- 
caufe the Planes A B and C D are parallel, and therefore 
by equal and contrary Refractions deftroy one anothers 
Effects, the incident Light F M muft be of the fame kind 
and nature with the emergent Light M O, and therefore 
doth alfo confift of Rays differently Refrangible. Thefe 
two Lights FM and MO,before the moft retrangible Rays 
are feparated out of the emergent Light MO agree in Co- 

lour, 
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our, and in all other properties fo far as my obfervation 
reaches, and therefore are defervedly reputed of the fame 
Nature and Conftitution, and by confequence the one is 
compounded aswell as the other. But after the moft Re- 
frangible Rays begin to be totally reflected, and thereby 
feparated out of the emergentLight MO, that Light changes 
its Colour from white to a dilute and faint yellow, a pretty 
good orange, a very full red fucceffively and then totally 
vanifhes. For after the moft Refrangible Rays which paint 
the Paper at P with a Purple Colour, are by a total re- 
flexion taken out of the Beam of light M O, the reft of 
the Colours which appear on the Paper at R and T being 
mixed in the light M O compound there a faint yellow, 
and after the blue and part of the green which appear on 
the Paper between P and R are taken away, the reft which 
appear between R and T (that is the Yellow, Orange, Red 
and a little Green) being mixed in the Beam M O com- 
pound there an Orange ; and when all the Rays are by re- 
flexiontaken out of the Beam MO, except the leaft Refran- 
gible, which at T appear of a full Red, their Colour is 
the fame in that Beam M O as afterwards at T, the Re- 
fraction of the Prifm HJK ferving only to feparate the 
differently Refrangible Rays, without making any alteration 
in their Colours, as fhall be more fully proved hereafter. 
All which confirms as well the firft Propofition as the fe- 
cond. 

Scholium. If this Experiment and the former be conjoyned 
and made one, by applying a fourth Priím V XY to re- 
fra& the reflected Beam M N towards tp, the conclufion 
will be clearer. For then the light Np which in the 4th 
Prifm is more refracted, will become fuller and ftronger 
when the Light OP, which in the third Prifm HJ K is 
more refracted, vanifhes at P ; and afterwards when the lefs 

refracted 
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refracted Light O T vanifhes at T, the lefs refracted Light 
Nt will become encreafed whilft the more refracted Light 
at p receives no further encreafe. And as the trajected 
Beam M O in vanifhing is always of fuch a Colour as 
ought to refult from the mixture of the Colours which 
fall upon the Paper PT, fo is the reflected Beam MN al- 
ways of fuch a Colour as ought to refult from the mix- 
ture of the Colours which fall upon the Paper pt. For 
when the moft refrangible Rays are by a total Reflexion 
taken out of the Beam MO, and leave that Beam of an 
Orange Colour, the excefs of thofe Rays in the reflected 
Light, does not only make the Violet, Indigo and Blue at 
p more full, but alfo makes the Beam. MN change from 
the yellowifh Colour of the Sun'sLight, to a pale white in- 
clining to blue, and afterward recover its yellowifh Co- 
lour again, fo foon as all the reft of the tranfmitted light 
MOT is reflected. 

Now feeing that in all this variety of Experiments, 
whether the trial be made in Light reflected, and that either 
from natural Bodies, as in the a and fecond Experiment, 
or Specular, as in the Ninth ; or in Light refracted, and 
that either before the unequally refra&ed Rays are by di- 
verging feparated from one another, and lofing their white- 
nefs which they have altogether, appear feverally of feve- 
ral Colours, as in the fifth Experiment ; or after they are 
feparated from one another, and appear Coloured as in the 
fixth, feventh, and eighth Experiments 5 or in Light tra- 
jected through Parallel fuperficies, deftroying each others 
Effects as in the 1oth Experiment; there are always found 
Rays, which at equal Incidences on the fame Medium fuf- 
fer unequal Refractions, and that without any fplitting or 
dilating of fingle Rays, or contingence in the inequality 
of the Refractions, as is proved in the fifth and fixth Ex- 

F3 periments ; 
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periments ; and feeing the Rays which differ in Refrangibi- 
liry may be parted and forted from one another, and that 
either by Refraction as in the third Experiment, or by Re- 
flexion as in the tenth, and then the Ae forts apart at 
equal Incidences fuffer unequal Refractions, and thofe forts 
: are more refracted than others after feparation, which were 
more refracted before it, as in the fixth and following Ex- 
periments, andif the Sun's Light be trajected through three 
or more crofs Prifms fucceffively, thofe Rays which in the 
firft Prifm are refracted more than others are in all the fol- 
lowing Prifms, refracted more then others in the fame rate 
and proportion, as appears by the fifth Experiment; its 
manifeft that the Sun's Light isan Heterogeneous mixture of 
Rays, fome of which are conftantly more Refrangible then 
others, as was to be propofed. 


PROP. MI. lheor HL 


The Sun's Light confifts of Rays differing in Reflexibility, and 
thofe Rays are more Reflexible than others which are more Re- 
frangible. 


HIS is manifeft by the ninth and tenth Experi- 

ments: For in the ninth Experiment, by turning 
the Prifm about its Axis, until the Rays within it which in 
going out into the Air were refracted by its Bafe, became 
fo oblique to that Bafe, as to begin to be totally reflected 
thereby ; thofe Rays became firft of all totally reflected, 
which before at equal Incidences with the reft had fuffered 
the greateft Refraction. And the fame thing happens in 
the Reflexion made by the commonBafe of the two Prilms 
in the teath Experiment. 


PROP. 
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PRO P. AV i= Prob: T. 


To Separate from one another the Heterogeneous Rays of 
Compound Light. 


HE Heterogeneous Rays are in fome meafure fepa- 
! rated from one another by the Refra&tion of the 
Prifm in the third Experiment, and in the fifth Experiment 
by taking away the Penumbra from the Rectilinear fides of 
the Coloured Image, that feparation in thofe very Rectili- 
near fides or ftraight edges of the Image becomes perfect. 
But in all places between thofe rectilinear edges, thofe in- 
numerable Circles there defcribed, which are feverally illu- 
minated by Homogeneral Rays, by interfering with one 
another, and being every where commixt, do render the 
Light fuficiently Compound. But if thefe Circles, whilft 
their Centers keep their diftances and pofitions, could be 
made lefs in Diameter, their interfering one with another 
and by confequence the mixture of the Heterogeneous 
Rays would be proportionally diminifhed. In the 23th Fig. 23. 
Figure lec AG, BH, CJ, DK, EL, FM be the Circles 
which fo many forts of Rays flowing from the fameDifque 
of the Sun, do in the third Experiment illuminate ; of all 
which and innumerable other intermediate ones lying ina 
continual Series between the two Reétilinear and Parallel 
edges of the Sun’s oblong Image P T, that Image is com- 
poled as was explained in the fifth Experiment. And let 
ag, bb, ci, dk, el, f m be fo many lefs Circles lying in 
a like continual Series between two Parallel right Lines a f 
and e m with the fame diftances between their Centers, 
and illuminated by the fame forts of Rays, that is the 
Circle ag with the fame fort by which the correfponding 
Circle 
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Circle AG was illuminated, and the Circle bh with the fame 
fort by which the correfponding Circle BH was illuminated, 
and the reft of the Circles ci, dk, el, fm refpectively, 
with the fame forts of Rays by which the feveral corre- 
{ponding Circles CJ, DK, EL, FM were illuminated. 
In the Figure P T compofed of the greater Circles, three 
of thofe Circles AG, BH, CJ, are fo expanded into one 
another, that the three forts of Rays by which thofe Cir- 
cles are illaminated, together with other innumerable forts 
of intermediate Rays, are mixed at QR in the middie of 
the Circle B H. And the like mixture happens through- 
out almoft the whole length of the Figure P T. But in 
the Figure pt compofed of the lefs Circles, the three lefs 
Circles ag, bh, c i, which anfwer to thofe three greater, do 
not extend into one another; nor are there any where 
mingled fo much as any two of the three forts of Rays 
by which thofe Circles are illuminated, and which in the 
Figure P T are all of them intermingled at B H. 

Now he that fhall chus confider it, will eafily underftand 
that the mixture is diminifhed in the fame Proportion 
with the Diameters of the Circles. If the Diameters of 
the Circles whilft their Centers remain the fame, be made 
three times lefs than before, the mixture will be alfo three 
times lefs; if ten times lefs, the mixture will be ten times 
lefs, and fo of other Proportions. That is, the mixture 
of the Rays in the greater Figure P T will be to their mix- 
ture in the lefs p t, asthe Latitude of the greater Figure is 
to the Latitude of the lefs. For the Latitudes of thefe Fi- 
gures are equal to the Diameters of their Circles. And 
hence it eafily follows, that the mixture of the Rays in the 
refracted Spectrum p t is to the mixture of the Rays in the 
direct and immediate Light of the Sun, as the breadth of 
that Spectrum is to the difference between the length and 
breadth of the fame Spe&rum. So 
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So then, if we would diminifh the mixture of che Rays, 
weare to diminifh the Diameters of the Circles. Now 
thefe would be diminifbed if the Sun’s Diameter to which 
they anfwer could be made lefs than it is, or (which comes 
to the fame purpofe) if without Doors, at a great diftance 
from the Prifm towards the Sun, fome opake body were 
placed, with a round hole in the middle of it, to intercept 
all the Sun’s Light, excepting fo much as coming from 
the middle of his Body could pafs through that hole to 
the Prifm. For fo the Circles AG, BH and the reft, 
would not any longer anfwer to the whole Difque of the 
Sun , but only to that part of it which could be feen 
from the Prifm through that hole, that is to the apparent 
magnitude of that hole viewed from the Prifm. But that 
thefe Circles may anfwer more diftin&ly to that hole a 
Lens is to be placed by the Prifm to caft the Image of the 
hole, (that is, every one of the Circles A G, BH, €.) di- 
ftin&ly upon the Paper at P T, after fuch a manner as b 
a Lens placed at à Window the Species of Objects abroad 
are caft diftinctly upon a Paper within the Room, and the 
Reétilinear Sides of the oblong folar Image in the fifth 
Experiment became diftinét without any Penumbra. If 
this be done it will not be neceflary to place that hole 
very far off, no not beyond the Window. And therefore 
inftead of that hole, I ufed the hole in the Window-fhut 
as follows. 

Exper. 11. In the Sun's Light let into my darkned 
Chamber through a {mall round hole in my Window- 
hut, at about 10 or 12 Feet from the Window, I placed 
a Lens, by which the Image of the hole might be di- 
ftinctly caft upon a fheet of white Paper, placed at the 
diftance of fix, eight, ten or twelve Feet from the Lens. 
For according to the difference of the Lenfes I ufed various 

diftances, 
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diftances , which I think not worth the while to defcribe. 

Then immediately after the Lens I placed a Prifm, by 

which the traje&ted Light might be refracted either. up- 

wards or fideways, and thereby the round Image which 

the Lens alone did caftupon the Paper might be drawn 

out into a long one with Parallel Sides, as in the third 
Experiment. This oblong Image I let fall upon another 

Paper at about the fame diftance from the Prifm. as. be- 

fore, moving the Paper either towards the Prifm or from 

it, until I found the juft diftance where the Rectilinear 

Sides of the Image became moft diftinét..| For in this cafe 

the circular Images of the hole which compofe that Image 

after the fame manner that the Circles ag, bh, ci, &c. do 

Fig. 23. the Figure f t, were terminated moft diftin&ly without any 
Penumbra, and therefore extended into one another.the 

leaft that they could, and by confequence the mixture , of 

the Heterogeneous Rays was now the leaft of all. By this 

Fig. 23, means | ufed to form an oblong Image (fuch as is p t) of 
and 24. circular Images of the hole (fuch as are ag, bh, ci, &c.) 
and by ufing a greater or lefs hole in the Window-fhut, 1 

made the circular Images ag, bh, ci, &c. of which it was 


c 


formed, to become greater or lefs at pleafure, and thereby 
the mixture of the Rays in the Image pt to be as much 
or as little as I defired. 

Fig. 24.  ‘Iluftration. 1n the 24th Figure, F reprefents the circular 
hole in the Window-fhut, M N the Lens whereby the 
Image or Species of that hole is caft diftin&ly upon a 
Paper atJ, ABC the Prifm whereby the Rays are at their 
emerging out of the Lens refracted from J towards ano- 
ther Paper at pt, and the round Image at J is turned into 
an oblong Image pt falling on that other Paper. This 
Image p t confifts of Circles placed one after another in a 
Rectilinear order, as was fufficiently explained in the fifth 

Experiment ; 
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Experiment ; and thefe Circles are equal to the Circle I, 
and confequently anfwer in Magnitude to the hole F ; and 
therefore by diminifhing that hole they may be at pleafure 
diminifhed , whil'ft their Centers remain in their places. 
By this means I made the breadth of the Image pt to be 
forty times, and fometimes fixty or feventy times lefs than 
its length. As for inftance, if the breadth of the hole F 
be 4 of an Inch, and MF the diftance of the Lens from 
the hole be 12 Feet; and if pB or pM the diftance of 
the Image pt from the Prifm or Lens be 10 Feet, and the 
refracting Angle of the Prifm be 62 degrees, the breadth 
of the Image pt will be + of an Inch and the length about 
fix Inches, and therefore the length to the breadth as 72 
to 1, and by confequence the Light of this Image 71 times 
lefs compound than the Sun’s direct Light. And Light 
thus far Simple and Homogeneal, is fufficient for trying 
all the Experiments in this Book about fimple Light. For 
the compofition of Heterogeneal Rays is in this Light fo 
little that it is fcarce to be difcovered and perceived by 
fenfe, except perhaps in the Indigo and Violet; for thefe 
being dark Colours, do eafily fuffer a fenfible allay by that 
little fcattering Light which ufes to be refracted irregularly 
by the inequaliteis of the Prifm. 

Yet inftead of the circular hole F, ’tis better to fubfti- 
rute an oblong hole fhaped like a long Parallelogram 
with its length Parallel to the Prifm A B C. For if this 
hole be an Inch or two long, and buta tenth or twentieth 
part of an Inch broad or narrower : the Light of the Image 
pt will be as Simple as before or fimpler, and the Image 
will become much broader, and therefore more fit to have 
Experiments tried in its Light than before. 

Inftead of this Parallelogram-hole may be fubftituted a 
Triangular one of equal Sides, whofe Bafe for inftance is 


3 about 
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about the tenth part of an Inch, and its height an Inch oi 
more. For by this means, if the Axis of the Prifm be 
Parallel to the Perpendicular of the Triangle , the Image 
Fig. 25. pt will now be formed of Equicrural Triangles ag, bb, c1, 
dk, el, f m, &c. and innumerable other intermediate ones 
anfwering to the Triangular hole in fhape and bignefs, and 
lying one after another in a continual Series between two 
Parallel Lines af and gm. Thefe Triangles are a little 
intermingled at their Bafes but not at their Vertices, and 
therefore the Light on the brighter: fide af of the Image 
where the Bafes of the Triangles are is alittle compounded, 
but on the darker fide g m is altogether uncompounded, 
and in all places between the fides the Compofition is 
Proportional to the diftances of the places from that ob- 
fcurer fide g m. And having a Spectrum pt of fuch a 
Compofition, we may try Experiments either in its ftronger 
and lefs fimple Light near the fide af, or in its weaker 
and fimpler Light near the other fide / m, as it fhall feem 
molt convenient. 

But in making Experiments of this kind the Chamber 
ought to be made as dark as can be, leaft any forreign 
Light mingle it felf with the Light of the Spectrum p t, 
and render it compound ; efpecially if we would try Ex- 
periments in the more fimple Light next the fide g m of 
the Spectrum; which being fainter, will have a lefs Pro- 
portion to the forreign Light, and fo by the mixture of 
that Light be more troubled and made more compound. 
The Lens alío ought to be good, fuch as may ferve for 
Optical Ufes, and the Prifm ought to have a large Angle, 
fuppofe of 7o degrees, and to be well wrought, being 
made of Glaís free from Bubbles and Veins, with its fides 
not a little Convex or Concave as ufually happens but 
eruly Plane,and its pollifh elaborate, asin working Optick- 


glafles, 
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glaffes , and not fuch as is ufually wrought with Putty, 
whereby the edges of the Sand-holes being worn away, 
there are left all over the Glafs a numberlefs company of 
very little Convex polite rifings like Waves. The edges 
alfo of the Prifm and Lens fo far as they may make any 
irregular Refraction, muft be covered with a black Paper 
glewed on. And all the Light of the Sun's beam let into 
the Chamber which 1s ufelefs and unprofitable to the Ex- 
periment, ought to be intercepted with black Paper or other 
black Obftacles. For otherwife the ufelefs Light being 
reflected every way in the Chamber, will mix with the 
oblong Spectrum and help to difturb it. In trying thefe 
things fo much Diligence 1s not altogether neceffary, but 
it will promote the fuccefs of the Experiments, and by a 
very fcrupulous Examiner of things deferves to be applied. 
Its difficult to get glafs Prifms fit for this purpofe, and 
and therefore I ufed fometimes Prifmatick Veffels made 
with pieces of broken Looking-glaffes, and filled with rain 
Water. And to increafe the Refraction, I fometimes im- 
pregnated the Water ftrongly with Saccharum Saturni. 


PAEGP.Y. 'heor. EV. 


Homogencal Light is refraéted regularly without any Dilatation 
fplitting or fhattering of the Rays , and the confufed Vifton 
of Objeéts feen through Refratting Bodies by Heterogeneal 
Light avifes from the different Refrangibility of feveral forts 
of Rays. 

HE firft Part of this Propofition has been already 
fufficiently proved in the fifth Experiment, and will 
further appear by the Experiments which follow. 


G 2 Ex fer 2s 
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Exper. 12. In the middle of a black Paper I made 2 
round hole about a fifth or fixth part of an Inch in Dia- 
meter. pon this Paper I caufed the Spectrum of Homo- 
geneal Light defcribed in the former Propofition , foto 
fall, that fome part of the Light might pafs through the 
hole of the Paper. "This tranfmitted part of the Light I 
refracted with a Prifm placed behind the Paper, and let- 
ting this refracted Light fall perpendicularly upon a white 
Paper two or three Feet diftant from the Prifm, I found 
that the Spectrum formed on the Paper by this Light was 
not oblong, as when ‘tis made (in the third Experiment) 
by Refracting the Sun’s compound Light, but was (fo far 
as I could judge by my Eye) perfectly circular, the length 
being no greater than the breadth. Which fhews that this 
Light is refracted regularly without any Dilatation of the 
Rays. 

Exper. 13. In the Homogeneal Light I placed a Circle 
of | of an Inch in Diameter, and in the Sun’s unrefracted 
Heterogeneal white Light I placed another Paper Circle of 
thefame bignefs. And going from the Papers to the diftance 
of fome Feet, I viewed both Circles through a Prifm. The 
Circle illuminated by the Sun’s Heterogeneal Light appear- 
ed very oblong as in the fourth Experiment, the length 
being many times greater than the breadth : but the other 
Circle illuminated. with Homogeneal Light appeared Cir- 
cular and diftin&ly defined as when ‘tis viewed with the 
naked Eye. Which proves the whole Propofition. 

Exper. 14. In the Homogeneal Light I placed Flies and 
fuch like Minute Objeéts, and viewing them through a 
Prifm , 1 faw their Parts as diftinaly defined as if I had 
viewed them with the naked Eye. The fame. Objects pla- 
ced in the Sun’s unrefracted Heterogeneal Light which was 
white I viewed alfo through a Prifm, and faw them moft 

| confufedly 
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confufedly defined, fo that Icould not diftinguifh their {mals 
ler Parts from one another. I placed alfo the Letters of a 
fmall Print one while in the Homogeneal Light and then 
in the Heterogeneal, and viewing them through a Prifm, 
they appeared in the latter cafe fo confufed and indiftin& 
that I could not read them ; but in the former they ap- 
peared fo diftinét that I could read readily, and thought 
I faw them as diftinét as when I viewed them with m 
naked Eye. In both cafes I viewed the fame Objects 
through the fame Prifm:at the fame diftance from me and 
in the fame Situation. There was no difference but in the 
Light by which the Objects were illuminated, and which 
in one cafe was Simple and in the other Compound, and 
therefore the diftin@ Vifion in the former cafe and confu- 
fed in the latter could arife from nothing elfe than from 
that difference of the Lights. Which proves the whole 
Propofition. 

And in thefe three Experiments it is further very remare 
kable, that the Colour of Homogeneal Light was never 
changed by the-R efra&ion.. 


PROP. VL ¥heor: V. 


The Sine of Incidence of every Ray confidered apart, is to its Sine 
of Refraction in a given Ratio. 


HA T every Ray confidered apart is conftant to 

it felf in fome certain degree of Refrangibility, is 
fufficiently manifeft out of what has been fíaid. Thofe ' 
Rays which in the firft Refraction are at equal Incidences 
moft refracted, are alfo in the following Refractions at 
equal Incidences moft refracted ; and fo of the leaft Re- 
frangible, and the reft which have any mean. degree. of 
. Refran-- 
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Refrangibility, as is manifeft by the sth, 6th, 7th, 8th, 
and oth Experiments. And thofe which the firft time at 
like Incidences are equally refracted, are again at like In- 
cidences equally and uniformly refracted, and that whe- 
ther they be refracted before they be feparated from one 
another asin the sth Experiment, or whether they be re- 
fracted apart, asin the 12th, 13th and 14th Experiments. 
The Refraction therefore of every Ray apart is regular, 
and what Rule that Refraction obferves we are now 
to fhew. 

The late Writers in Opticks teach, that the Sines of Ia- 
cidence are in a given Proportion to the Sines of Refra- 
ction, as was explained in the 5th Axiom ; and fome by 
Inftruments fitted for meafuring Refractions, or otherwife 
experimentally examining this Proportion, do acquaint us 
that they have found it accurate. But whilft they, not 
underftanding the different Refrangibility of feveral Rays, 
conceived them all to be refracted according to one and 
the fame Proportion, 'tis to be prefumed that they adapted 
their Meafures only to the middle of the refracted Light; 
fo that from their Meafures we may conclude only that 
the Rays which have a mean degree of Refrangibility , 
that is thofe which when feparated from the reft appear 
green, are refracted according to a given Proportion of 
their Sines. And therefore we are now to fhew that the 
like given Proportions obtain in all the reft. That it 
fhould be fo is very reafonable, Nature being ever confor- 
mable to her felf: but an experimental Proof is defired. 
And fuch a Proof will be had if we can fhew that the 
Sines of Refraction of Rays differently Refrangible are 
one to another in a given Proportion when their Sines of 
Incidence are equal. For if the Sines of Refraction of all 
the Rays are in given Proportions to the Sine of Refraction 


of 
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ef a Ray which has a mean degree of Refrangibility, and 
this Sine is in a given Proportion to the equal Sines of 
Incidence, thofe other Sines of Refraction will alfo be in 
given Proportions to the equal Sines of Incidence. Now 
when the Sines of Incidence are equal, it will appear by 
the following Experiment that the Sines of Refraction are 
in a given Proportion to one another. 

Exper. 15. The Sun fhining into a dark Chamber 

through a little round hole in the Window-fhut, let S re- Fig. 16. 
refent his round white Image painted on the oppofite 
Wall by his direét Light, P T his oblong coloured Image 
made by refracting that Light with a Prifm placed at the 
Window; and pt, or 2p 2t, or 3p 3t, hisoblong coloured 
Image made by refracting again the fame Light fideways 
with a fecond Prifm placed immediately after the firft in 
a crofs Pofition to it, as was explained in the fifth Experi- 
ment : that is to fay, pt when the Refraction of the fecond 
Prifm is fmaall, 2p 2t when its Refraction is greater, and 
3p 2t when it is greateft. For fuch will be the diverfity 
of the Refractions if the refracting Angle of the fecond 
Prifm ‘be of various Magnitudes ; fuppofe of fifteen or 
twenty degrees to make the Image pt, of thirty or 
forty to make the Image 2p 2t, and of fixty to make 
the Image 3p 3t. But for want of folid Glafs Prifms with 
Angles of convenient bigneffes, there may be Veflels 
made of polifhed Plates of Glafs cemented together in the 
form of Prifms and filled with Water. Thefe things being 
thus ordered, I obferved that all the folar Images or co- 
loured Spectrums P T, pt, 2p 2t, 3p 3t did very nearly 
converge to the place S on which the direct Light of the 
Sun fell and painted his white round Image when the 
Prifms were taken away. The Axis of the Spectrum PT, 
that is the Line drawn through the middle of it Parallel to 
its 
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its Rectilinear Sides, did when produced pafs exa&ly through 
the middle of that white round Image S. And when the 
Refraction of the fecond Prifm was equal to the Refraction 
of the firft, the refra&ing Angles of them both being about 
o degrees, the Axis of the Spectrum 3 p 3 t made by that 
Refraction, did when produced país alfo through the mid- 
dle of the fame white round Image S. But when the Re- 
fraction of the fecond Prifm was lefs than that of the firft, 
the produced Axes of the Spectrums t p or 2t 2p made 
by that Refraction did cut the produced Axis of the Spe- 
rum TP in the Points m and 1, a little beyond the Cen- 
ter of that white round Image S. Whence the Proportion 
of the Line 3¢ T to the Line 3p P was a little greater chan 
the Proportion of 2t T to2 pP, and this Proportion a little 
greater than that of tT to pP. Now when the Light of 
the Spectrum P T falls perpendicularly upon the Wall, thofe 
Lines 3t T, 3 p P, and 2t T, 2p P and & T, pP,are the Tan- 
gents of the Refractions ; and therefore by this Experiment 
the Proportions of the Tangents of the Refra&tions are ob- 
tained, from whence the Proportions of the Sines being deriv- 
ed, they come out equal, fo faras by viewing the Spectrums 
and ufing fome Mathematical reafoning I could Eftimate. 
For I did not make an Accurate Computation. So then 
the Propofition holds true in every Ray apart, fo far as ap- 

ears by Experiment. And that it is accurately true may 
Ee demonftrated upon this Suppofition, That Bodies refract 
Light by atting upon its Rays in Lines Perpendicular to their 
Surfaces. But in order to this Demonftration, I muft di- 
ftinguifh the Motion of every Ray into two Motions, the 
one Perpendicular to the refracting Surface, the other Pa- 
rallel to it, and concerning the Perpendicular Motion lay 
down the following Propofition. 


If 
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If any Motion or moving thing whatfoever be incident 
with any velocity on any broad and thin Space termina- 
ted on both fides by two Parallel Planes, and in its paffage 
through that {pace be urged perpendicularly towards; the 
further Plane by any force which at given diftances from 
the Plane is of given quantities ; the perpendicular Velo- 
city of that Motion or Thing, at its emerging out of that 
fpace, fhall be always equal to the Square Root of the 
Summ of the Square of the perpendicular Velocity of 
that Motion or Thing at its Incidence on that fpace ; 
and of the Square of the perpendicular Velocity which 
that Motion or Thing would have at its Emergence, if 
at its Incidence its perpendicular Velocity was infinitely 
little. | 

And the fame Propofition holds true of any: Motion or 
Thing perpendicularly retarded in its paffage through that 
fpace, if inftead of the Summ of the two Squares you take 
their difference. The Demonftration Mathematicians will 


eafily find out, and therefore I fhall not trouble the Rea- 
der with it. 


Suppofe now that a Ray coming moft obliquely in the Fig, 1, 


Line MC be refracted at C by the Plane RS into the Line 
CN, and if it be required to find the Line CE into which 
any other Ray AC fhall be refracted ; let MC, AD, be 
the Sines of incidence of the two Rays, and NG, EF, their 
Sines of Refraction, and let the equal Motions of the In- 
cident Rays be reprefented by the equal Lines M C an 
AC, and the Motion MC being confidered as parallel co 
the refracting Plane, let the other Motion AC be diftin- 
guifhed into two Motions AD and DC, one of which 


1 


AD is parallel, and the other DC perpendicular to the re- 
1 


fracting Surface. In like manner, let the Motions of the 
emering Rays be diftinguiflyd into two, whereof che per- 


H pendicular 
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perpendicular onés ate ae CG and T CF. And if the 
force of the refracting Plane begins to act upon the Rays 
either in that Plane or at a certain diftance from it on the 
one fide, and ends at a certain diftance from it on the 
other fide, and in all places between thofe two Limits acts 
upon the Rays in Lines perpendicular to that rafracting 
Plane, and the Actions upon the Rays at equal diftances 
from the refracting Plane be equal, and at unequal ones ci- 
ther equal or unequal according to any rate whatever ; 
that motion of the Ray which is Parallel to the refracting 
Plane will fuffer no alteration by that force ; and that mo- 
tion which is perpendicular to it will be altered accordin 

to the rule of the foregoing Propofition. If therefore for 
the perpendicular Velocity of the emerging Ray CN you 


_ MC | | ! 
write xc CG as above, then the perpendicular Velocity 


of any other emerging Ray CE which was 2 CF, will be. 


equal to the fquare Root of CD4 + xm CGq. And 


by fquaring thefe equals, and adding to them the Equals 
AD4 and MC4---CD4, and dividing the Summs by the 
Equals CFq + EFq and CGq-+ NG4, you will have 
s equal to Nd Whence AD, the Sine of Incidence, 
is to EF the Sine of Refra&ion, as MC to NG, that is, 
in a given ratio: And this Demonftration being general, 
without determining what Light is, or by what kind of 
force it is refracted, or affuming any thing further than 
that the refracting Body acts upon the Rays in Lines per- 
pendicular to its Surface ; Itake it to be a very convincing 
Argument of the full Truth of this Propofition. 


So. 
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So then, if the ratio of the Sines of Incidence and Re- 
fraction of any fort of Rays be found in any one Cafe, ’tis 
given in all Cafes; and this may be readily found by the 
Method in the following Propofition. 


PROP. VII. Theor. VI. 


The Perfettion of Tele/copes is impeded by the different Refran= 
gibility of the Rays of Light. 


H E imperfection of Telefcopes is vulgarly attri- 

buted to the fpherical Figures of the Glafles, and 
therefore Mathematicians have propounded to Figure them 
by the Conical Sections. To fhew that they are mifta- 
ken, I have inferted this Propofition; the truth of which 
will appear by the meafures of the Refraétions of the feve- 
ral forts of Rays ; and thefe meafures I thus determine. 

In the third experiment of the firft Book, where the re- 
fra&ing Angle of the Prifm was 62! degrees, the half of 
that Angle 31 deg. 15 min. is the Angle of Incidence of 
the Rays at their going out of the Glafs into the Air; and 
the Sine of this Angle is 5188, the Radius being 10000. 
When the Axis of this Prifm was parallel to the Horizon, 
and the Refraction of the Rays at their Incidence on this 
Prifm equal to that at their Emergence out of it, | obferved 
with a Quadrant the Angle which the mean refrangible Rays 
(thatis, thofewhich wentto the middle oftheSun’s colour- 
ed Image) made with the Horizon and by this Angle and 
the Sun’s altitude obferved at the fame time, I found the 
Angle which the emergent Rays contained with the incident 
to be 44 deg. and 40 min. and the half of this Angle ad- 
ded to the Angle of Incidence 31 deg. 15 min. makes the 

H a Angle 
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Angle of Refraction,which is therefore 53 deg. 35 min. and 
its Sine 8047. Thefe are the Sines of Incidence and Re- 
fraction of the mean refrangible Rays, and their proportion 
in round numbersis 20. to21. This Glafs was of a colourin- 
clining to green. The laft of the Prifms mentioned in the 
third Experiment was of clear white Glafs. Its refracting 
Angle 63: degrees. The Angle. which the emergent Rays 
contained, with the incident 45 deg. 5o min. The Sine of 
half the firft Angle 5262. The Sine of half the Sumn: 
of the Angles 8157. And their proportion in round num- 
bers 20 to 31 as before. 

From the Length of the Image, which was about 93 or 
io Inches, fubdué its Breadth, which was 2 ; Inches, and 
the Remainder 7? Inches would be the length of the Image 
were. the Sun but a point, and therefore fubtends the An- 
gle which the moft and leaft refrangible Rays, when inci- 
dent on the Prifm in the fame Lines, do contain with one 
another after their Emergence. Whence this Angle is: 
x deg. o. 7. For the diftance between the Imageand the 
Prifm where this Angle is made, was 18+ Feet, and at that 
diftance the Chord 7iInches fubtendsan Angle of 2 deg. 
o. 7." Now half this Angle is the Angle which thefe e- 
mergent Rays contain with the emergent mean refrangible 
Rays, and a quarter thereof, that is 30. 2. may be. ac- 
counted the Angle which they would contain which the. 
fame emergent mean refrangible Rays, were they co-inci- 
dent to them within the Glafs and fuffered no other Re- 
fraction then that at their Emergence. For if two equal 
Refractions, the one at the incidence of the Rays on the 
Ptifm, the other at their Emergence, make half the Angle 
2 deg. o. 7. then one of thofe Refractions will make 
about a quarter of that Angle, and this quarter added to 

| and 
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and fubducted from the Angle of Refraction of the mean 
refrangible Rays, which was 53 deg. 35, po the An- 
gles of Refraction of the moft and leaft refrangible Rays 
$4 deg. 5 2^, and 53 deg. 4 58°, whofe Sines are 8099 
and 7995, the common Angle of Incidence being 31 deg. 
15 and its Sine $188; and thefe Sines in the leaft round 
numbers are in proportion to one another as 78 and 77 
to $0. 

Now if you fubdu& the common Sine of Incidence 50: 
from the Sines of Refraction 77 and 78, the remainders 
27 and 28 fhew that in fmall Refractions the Refraction 
of the leaft refrangible Rays isto the Refraction of the moft 
refrangible ones as 27 to 28 very nearly, and that the dif- 
ference of the Refractions of the leaft refrangible and moft 
refrangible Rays is about the 27th part of the whole Re- 
fraction of the mean refrangible Rays. 

Whence they that are skilled in Opticks will eafily un- 
derftand, chat the breadth of the leaft circular {pace into 
which O's ect-Glaffes of Telefcopes can collect all forts of 
Parallel Rays, is about the 27th part of half the aperture 
of the Glaís, or 55th part of the whole aperture; and 
that the Focus of the moft refrangible Rays is nearer to the 
Object-Glafs chanthe Focus of the leaft refrangibie ones, by 
about the 27th part of the diftance between the Object- 
Glafs and the Focus of the mean refrangible ones. 

And if Rays of all forts,flowing from any one lucid point 
in the Axis of any convex Lens, be made by the Refraction 
of the Lens to converge to points not too remote from the 
Lens, the Focus of the moft refrangible Rays fhall be 
nearer to the Lens than the Focus of the leaft refrangible 
ones, by a diftance which is to the 273th part of the di- 
ftance of the Focus of the mean refrangible Rays from the 
Lens as the diftance between that Focus and the lucid 

point 
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-point.from whence the Rays flow is to the diftance be- 
tween that lucid point and the Lens very nearly. 

"Now to examine whether the difference between the Re- 
fractions which the moft refrangible and the leaft refran- 
gible Rays flowing from the fame point fuffer in the Ob- 
je&-Glafles of Telefcopes and fuch like Glaffes, be fo great 
as is here defcribed, I contrived the following Experi- 
ment. | 

Exper. 16. The Lens which I ufed in the fecond and 
eighth Experiments, being placed fix Feet and an Inch dif- 
tant from any Object, colle&ed the Species of t::c Object 
by the mean refrangible Rays at the diftance of ix Feet 
and an Inch from the Lens on the other fide. And there- 
fore by the foregoing Rule it ought to collect the Species of 
that Object by the leaft refrangible Rays at the diftance of 
fix Feet and 32 Inches from the Lens, and by the moft re. 
frangible ones at the diftance of five Feet and 10} Inches 
from it: So that between the two Places where thefe leaft 
and moft refrangible Rays collect the Species, there may 
be the diftance of about 55 Inches. For by that Rule, as 
fix Feet and an Inch (the diftance of the, Lens from the 
lucid Object ) is to twelve Feet and two Inches ( the di- 
ftance of the lucid Object from the Focus of the mean re- 
frangible Rays) that is, as one isto two, fo is the 27;th 
part of fix Feet and an Inch (the diftance between the Lens 
and the fame Focus ) to the diftance between the Focus of 
the moft refrangible Rays and the Focus of the leaft re- 
frangible ones, which is therefore 577 Inches, that is very 
nearly 5: Inches. Now to know whether this meafure 
was true, I repeated the fecond and eighth Experiment of 
thisBook with. coloured Light, which was lefs compound- 
ed than that I there made ufe of : For I now feparated the 

. hetero- 
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heterogeneous Rays from one another by the Method I dez 
Ícribed in the 11th Experiment, fo as to make a coloured 
Spe&rum about twelve or fifteen times longer than broad. 
This Spectrum I caft on a printed book, and placing the 
above-mentioned Lens at the diftance of fix Feet and an 
Inch from this Spectrum to colle& the Species of the illu- 
minated Letters at the fame diftance on the other fide, I 
found that the Species of the Letters illuminated with Blue 
were nearer to the Lens than thofe illuminated with deep 
Red by about three Inches or three and a quarter: but the 
Species of the Letters illuminated with Indigo and Violet 
appeared fo confufed and indiftin&, that I could not read 
them : Whereupon viewing the Prifm, I found it was full 
of Veins running from one end of the Glafs to the other ; 
fo that the Refraction could not be regular. I took ano- 
ther Prifm therefore which was free from Veins, and in- 
{tead of the Letters I ufed two or three Parallel black Lines 
a little broader than the ftroakes of the Letters, and caft- 
ing the Colours upon thefe Lines in fuch manner that the 
Lines ran along the Colours from one end of the Spectum 
to the other, I found that the Focus where the Indigo, or 
confine of this colour and Violet caft the Species of the: 
black Lines moft diftin&ly,tobe about 4 Inches or 4! near- 
er to the Lens than the Focus where the deepeft Red caft 
the Species of the fame black Lines moft diftin&ly. 
The violet was fo faint and dark, that I could. not 
difcern the Species of the Lines diftincdy by that Co- 
lour ; and therefore confidering that the Prifm was made 
of a dark coloured Glafs inclining to Green, I took another 
Pifm of clear white Glafs; but the Spectrum of Colours 
which this Prifm made had long white Streams of faint 
Light fhooting out from both ends of the Colours, which 
made me conclude that fomething was amis ; and view- 


ing 
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ing the Prifm, I found two or three little Bubbles in the 
Glafs which refraéted the Light irregularly. Wherefore I 
covered that part of the Glafs with black Paper, and let- 
ting the Light pafs through another part of it which was 
free from fuch Bubles, the Spectrum of Colours became 
free from thofe irregular Streams of Light, and was now 
fuch asI defired. But ftill I found the Violet fo dark and 
faint, that I could fcarce fee the Species of the Lines by the 
Violet, and not at all by the deepeft part of it, which was 
next the end of the Spectrum. I fufpected therefore that 
this faint and dark Colour might be allayed by that fcat- 
tering Light which was refracted, and reflected irregularly 
partly by fome very {mall Bubbles in the Glafles and 
partly by the inequalities of their Polifh: which Light, 
tho’ it was but little, yet it being of a White Colour, 
might fuffice to affect the Senfe fo ftrongly as to difturb 
the Phenomena of that weak and dark Colour the Violet, 
and therefore I tried, as in the 12th, 13th, 14th Experi- 
ments, whether the Light of this Colour did not confift of 
a fenfible mixture of heterogeneous Rays, but found it did 
not. Nor did the Refractions caufe any other fenfible 
Colonr than Violet to emerge out of this Light, as they 
would have done out of White Light, and by con- 
fequence out of this Violet Light had it been fenfi- 
bly compounded with White Light. Andtherefore I con- 
cluded, that the reafon why I could not fee the Species of 
the Lines diftin&ly by this Colour, was only the darknefs 
of this Colour and Thinnefs of its Light, and its dif- 
tance from the Axis of the Lens; I divided therefore thofe 
Parallel Black Lines into equal Parts, by which I might 
readily know the diftances of the Colours in the Spectrum 
from one another, and noted the diftances of the Lens 
from the Foci of fuch Colours as caft the Species of the 

Lines 
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Lines diftin&ly, and then confidered whether the diffe- 
rence of thofe diftances bear fuch proportion to 5 Inches, 
the greateft difference of the diftances which the Foci of 
the deepeft Red and Violet ought to have from the Lens, 
as the diftance of the obferved Colours from one another 
in the Spectrum bear to the like diftance ofthe deepeft Red 
and Violet meafured in the rectilinear fides of the Spe&- 
rum, that is, to the length of thofe fides or excefs of the 
length of the Spectrum above its breadth. And my Ob- 
fervations were as follows. 

When I obferved and compared the deepeft fenfible Red, 
and the Colour in the confine of Green and Blue, which 
at that rectilinear fides of the Spectrum was diftant from it 
half the length of thofe fides, the Focus where the confine 
of Green and Blue caft the Species of the Lines diftin@ly 
on the Paper, was nearer to the Lens then the Focus where 
the Red caft thofe Lines diétinétly on it by about 2+ or 
2/ Inches. For fometimes the Meafures were a little grea- 
ter, fometimes a little lefs, but feldom varied from one 
another above + of an Inch. For it was very difficult to 
define the Places of the Foci, without fome little Errors. 
Now if the Colours diftant half the length of the Image, 
( meafured at its rectilinear fides ) give 27 or 2 i difference 
of the diftances of their Foci from the Lens, then the Co- 
fours diftant the whole length ought to give 5 or 5; Inches 
difference of thofe diftances. 

But here it’s to be noted, that I could not fee the Red 
co the full End of the Spectrum, but only to the Center 
of the Semicircle which bounded that End, or a little far- 
ther ; and therefore I compared this Red not with that Co- 
lour which was exactly in the middle of the Spectrum, or 
confine of Green and Blue, but with that which verged a 


little more to the Blue than to the Green : And as I reck- 
TN oned 
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oned the wholé length of the Colouts not to be the whole 
fength of the Spectrum, but the length of its rectilinear 
fides, fo completing the Semicirlar Ends into Circles, when 
either of the obferved Colours fell within thofe Circles, 1 
meafured the diftance of that Colour from the End of the 
Spectrum, and fubducting half the diftance from the mea- 
fured diftance of the Colours, I took the remainder for- 
their corrected diftance ; and in thefe Obfervations fer 
down this corrected diftance for the difference of their di- 
{tances from the Lens. For asthe length of the rectilinear 
fides of the Spectrum would be the whole length of all the 
Colours, were the Circles of which ( as we fhewed) that 
Spectrum  confifts contracted and reduced to Phyfical 
Points, fo in that Cafe this corrected diftance would be the 
real diftance of the obferved Colours. 

When therefore I further obferved the deepeftfenfible Red, _ 
and that Blue whofe corrected diftance from it was 7 parts 
of the length of the rectilinear fides of the Spectrum, the 
difference of the diftances of their Foci from the Lens was 
about 32 Inches, and as 7 to 12 fo is 32 to 5 4. 

When I obferved the deepeft fenfible Red, and that Indi- 
go whofe corrected diftance was ;; or ? of the length of the 
rectilinear fides of the Spectrum, the difference. of the di- 
ftances of their Foci from the Lens, was about 3 ? Inches, 
and as 2 to 3 fo is 3 -to 5:, 

When I obferved the deepeft fenfible Red, and that deep 
Indigo whofe corrected diftance from one another was 2 or. 
* of the length of the rectilinear fides of the Spectum, the 
difference of the diftances of their Foci from the Lens was. 
about 4 Inches; and as 3 to 4 fo is 4 to 5}, 

When l obferved the deepeft fenfible Red, and that part 
ef the Violet next the Indigo whofe corrected diftance from 
the Red was *2 or $ of the length of the rectilinear fides of 

the 
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the Spectrum, the difference of the diftances of their Foci 
from the Lens was about 4: Inches; and as 5 to 6, fo is 
4>to 5%. For fometimes when the Lens was advantagi- 
oufly placed, fo that its Axis refpected the Blue, and all 
things elfe were well ordered, and the Sun fhone clear, and: 
I held my Eye very near to the Paper on which the Lens 
caft the Species of the Lines, I could fee pretty diftinctly 
the Species of thofe Lines by that part of the Violet which 
was next the Indigo ; and fometimes I could fee them by: 
above half the Violet. For in making thefe Experiments 
I had obferved, that the Species of thofe Colours only ap- 
peared diftinct which were in or near the Axis of the Lens : 
So that if the Blue or Indigo were in the Axis, I could fee 
their Species diftinctly ; and then the Red appeared much 
lefs diftinct than before. Wherefore I contrived to make 
the Spectrum of Colours fhorter than before, fo that both 
its Ends might be nearer to the Axis of the Lens. And 
now its length was about 2; Inches and breadth about tor 
zofan Inch. Alfo inftead of the black Lines on which the 
Spectrum was caft, I made one black Line broader than 
thofe, that I might fee its Species more eafily ; and this 
Line I divided by fhort crofs Lines into equal Parts, for 
meafuring the diftances of the obferved Colours. And now 
I could fometimes fee the Species of this Line with its divi- 
fions almoft as far as the Centers of the Semicircular Violet 
End of the Spectrum, and made thefe further Obfervations. 
When I obferved the deepeft fenfible Red, and that part 
of the Violet whofe correéted diftance from it was about 
* Parts of the rectilinear fides of the Spectrum the difference 
of the diftances of the Foci of thofe Colours from the Lens, 
was one time 47, another time 43, anothertime 4%, Inches, 
and as 8 to 9, foare 45, 43, 45 to 55 52 55, relpectively- 
I 2 When 
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When I obferved the deepeft fenfible Red, and deepeft 
fenfible Violet, (the corrected diftance of which Colours 
when all things were orderedto the beft advantage, andthe 
Sun fhone very clear, was about = or 4 parts of the length 
of the rectilinear fides of the coloured Spectrum, ) I found 
the difference of the diftances of their Foci from the Lens 
fometimes 42 fometimes 57, and for the moft part 5 Inches 
or thereabouts: and as 11 to 12 or 15 to 26, fo is five 
Inches to 5} or sz Inches. 

And by this progreffion of Experiments I fatisfied my 
felf, that had the light atthe very Ends of the Spectrum been 
ftrong enough to make the Species of the black Lines ap- 
pear plainly on the Paper, the Focus of the deepeft Vio- 
let would have been found nearer to the Lens, than the Fo- 
cus of the deepeft Red, by about 51 Inches at leaft. And 
this is a further Evidence, that the Sines of Incidence and 
Refraction of the feveral forts of Rays, hold the fame pro- 
portion to one another in the ímalleft Refractions which 
they do in the greateft. 

My progrefs in making this nice and troublefome Expe- 
riment I have fet down more at large, that they that fhall 
try it after me may be aware of the Circumfpection re- 
quifite to make it fucceed well. And if they cannot make 
it fucceed fo well as I did, they may notwithftanding col- 
fect by the Proportion of the diftance ofthe Colours in the 
Spectrum, to the difference of the diftances of their Foci 
from the Lens, what would be the fuccefs in the more di- 
ftant Colours by a better Trial. And yet if they ufe a 
broader Lens than I did, and fix it to a long ftreight Staff 
by means of which it may be readily and truly dire&ted to 
the Colour whofe Focus is defired, 1 queftion not but the 
Experiment will fucceed better with them than it did with 
me. For I directed the Axis as nearly as [ could to the 

ion middle 
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middle of the Colours, and then the faint Ends of the 
Spectrum being remotefrom the Axis, caft their Species lefs 
diftin&ly on the Paper than they would have done had the 
Axis been fucceffively directed to them. 

Now by what has been faid its certain, that the Rays 
which differ in refrangibility do not converge to the fame 
Focus, but if they flow from a lucid point, as far from 
the Lens on one fide as their Foci are one the other, the 
Focus of the moft refrangible Rays fhall be nearer to. the 
Lens than that of the leaft refrangible, by above the four- 
teenth part of the whole diftance: and if they flow from a lu- 
cid point, fo very remote from the Lens that before their 
Incidence they may be accounted Parallel, the Focus of the 
moft refrangible Rays fhall be nearer tothe Lens than the 
Focus of theleaftrefrangible, by about the 27th or 28th part 
of their whole diftance from it. And the Diameter of the 
Circle in the middle fpace between thofe two Foci which 
they illuminate when they fall there on any Plane, perpen- 
dicular to the Axis (which Circle is the leaft into which 
they can all be gathered) is about the 55th part of the Dia- 
meter of the aperture of the Glafs. So that ‘tis a wonder 
that Telefcopes reprefent Objects fo diftin& as they do. But 
were all the Rays of Light equally refrangible, the Error 
arifing only from the fphericalnefs of the Figures of Glafles 
would be many hundred times lefs. For if the Object- 
Glafs of a Telefcope be Plano-convex, and the Plane fide 
be turned towards the Objeét, and the Diameter of the 
Sphere whereof this Glafs is a fegment,be called D, and the 
Semidiameter of the aperture of the Glafs be called S, and 
the Sine of Incidence out of Glafs into Air, be to the Sine of 
Refraction as I to R: the Rays which come Parallel to the 
Axis of the Glafs, fhall in the Place where the Image of the 
Object is moft diftinétly made, be fcattered all over a little 

| Circle 
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| " «~ BR | Scub. : : 
Circle whofe Diameter is 7 * 57/7, very nearly, as I ga- 


ther by computing the Errors of the Rays by the method 
of infinite Series, and rejecting the Terms whofe quanti- 
tities are inconfiderable. As for inftance, if the Sine of In- 
cidence I, be to the Sine of Refraction R, as 20 to 31, and 
if D the Diameter of the Sphere to which the Convex fide 
of the Glafs is ground, be 100 Feet or 1200 Inches, and 
S the Semidiameter of the aperture be two Inches, the 


: S UY S eub. 
"Diameter of the little Circle ( that is Peres ) will be 


t4 31 
20 : I200 * 1200 ( or 3600000 ) parts of an Inch. But the 


Diameter of the little Circle through which thefe Rays are 
fcattered by unequal refrangibility, will be about the 5 5th 
part of the aperture of the Objeét-Glafs which here is four 
Inches. And therefore the Error arifing from the fpherical 
Figure of the Glafs, is to the Error arifing from the diffe- 
rent Refrangibility of the Rays, as 5. to £ that is as 1 
to 8151: and therefore being in Comparifon fo very litele, 
deferves not to be confidered. 

But you will fay, if che Errors caufed by the different re- 
frangibility be fo very great, how comes it to pafs that Ob- 
jects appear through Telefcopes fo diftin& as they do ? I an- 
{wer, 'tis becaufe the erring Rays are not fcattered uniform- 
ly over all that circular fpace, but collected infinitely more 
denfely in che Center than in any other part of the ‘Circle, 
and in the way from the Center to the Circumference grow 
continually rarer and rarer, fo as at the Circumference to 
become infinitely rare; and by reafon of their rarity are 
not ftrong enough to be vifible, unlefs in the Center and ve- 
“ry near it. Let ADE reprefent one of thofe Circles de- 
Ícribed with the Center-C and Semidiameter AC, and let 
BFG be a {maller Circle concentric to the former, cutting 


with 


mou 


with its Circumference the Diameter AC in B, and befect 
AC in N, and by my reckoning the denfity of the Light 
in any place B. will be to its denfity in N, as AB to BC; 

and the whole Light within the leffer Circle BFG, will be 

to the wholeLight within the greater AED, as the Excefs of 
the Square of ACabove the Square of AB, is to the Square 

of AC. As if BC. be the fifth part of AC, the Light will be 

four times denfer in Bthan in N, and the whole Light with 
in the lefs Circle,will be tothe whole Light within the grea- 

ter, as nine to twenty five. Whence it’s evident that the. 
Light within the lefs Circle, muftftrike the (enfe much more 

ftrongly, than that faint and dilated light round about be- 

tween it and the Circumference of the greater. 

But its further to be noted, that the moft luminous of ^ 
the prifmatick Colours are the Yellow and Orange. Thefe 
affect che Senfes more ftrongly thanall thereft together, and 
next to thefe in ftrength are the Red and Green... The Blue 
compared with thefe 1s a faint and dark Colour, and the In- 
digo and Violet are much darker and fainter, fo that thefe 
compared with the ftronger Colours are little to be regard- 
ed. The Images of Objects are therefore to be placed, not 
in the Focus of the mean refrangible Rays which are in the 
confine of Green and Blue, but in the Focus of thofe Rays 
which are in the middle of the Orange and Yellow ; there 
where the Colour is moft luminous and fulgent, that is in 
the brighteft Yellow, that Yellow which inclines more to 
Orange than to Green. And by the Refraction of .thefe 
Rays ( whofe Sines of Incidence and Refraétion in Glafs 
are as 17 and 11) the Refraction of Glafs and Cryftal for 
optical ufes is to be meafured. Let us therefore place the 
Image of the Object in the Focus of thefe Rays, and all the - 
Yellow and Orange will fall within a Circle, whofe Dia- - 
meter is about the 250th part of the Diameter of the aper- 

ture - 
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ture of the Glafs. And if you add the brighter half of the 
Red, (that half which is next the Orange, and the brighter 
half of che Green, (that half which is next the Yellow, ) a- 
bout three fifth parts of the Light of thefe two Colours will 
fall within the fame Circle,and two fifth parts will fall with- 
out it round about ; and that which falls without will be 
fpread through almoft as much more fpace as that which 
falls within, and fo in the grofs be almoft three times ra- 
rer. .Of the other half of the Red and Green, (that is of 
the deep dark Red and Willow Green) about one quarter 
will fall within this Circle, and three quarters without, and 
that which falls without will be fpread through about four 
or five times more fpace than that which fall within; and fo 
in the grofs be rarer, and if compared with the whole Light 
within it, willbe about 25 times rarer than all that taken in 
the grofs ; or rather more than 30 or 40 times rarer, be- 
cauíe the deep red in the end of the Spectrum of Colours 
made by a Prifm is very thin and rare,and the Willow Green 
is fomething rarer than the Orange and Yellow. The Light 
of thefe Colours therefore bring fo very much rarer than that 
within the Circle, will fcarce affect the Senfe efpecially fince 
the deep Red and Willow Green of this Light, are much 
darker Colours then the reft. And for the fame reafon the 
Blue and Violet being much darker Colours than thefe, and 
much more rarified, may be neglected. For the denfe and 
bright Light of the Circle, will obfcure the rare and weak 
Light of thefedark Colours round about it, and render them 
almoft infenfible. The fenfible Image of a lucid point is 
therefore {carce broader than a Circle whofe Diameter is 
the 250th part of the diameter of the aperture of the Object 
Glafs of a good Telefcope, or not much broader, if you 
except a faint and dark mifty light round about it, which 
aSpectator will {carce regard. And therefore in a ee 

whofe 
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whofe aperture is four Inches, and length an hundred Feet; 
it exceeds not 2/45, or3. And in a Telefcope whofe 
aperture is two Inches, and length 20 or 30 Feet, it may 
be 5 or ó'and fcarce above. And this Anfwers well to 
Experience : For fome Aftronomers have found the Dia- 
meters of the fixt Stars, in Telefcopes of between twenty 
and fixty Feet in length, to be about 4° or 5" or at moft 
6" in Diameter. But if the Eye-Glafs be tin&ed faintly 
with the ímoke of a Lamp or Torch, to obícure the Light 
of the Star, the fainter Light in the circumference of the 
Star ceafes to be vifible, and the Star (if the Glafs be fuffici- 
ently foiled with fmoke) appearsfomething morelike a Ma- 
thematical Point. And for the fame reafon, the enormous 
part of the Light in the Circumference of every lucid Point 
ought to be lefs difcernable in fhorter Telefcopes than in 
longer, becaufe the fhorter tranfmit lefs Light to the Eye. 

Now if we fuppofe the fenfible Image of a lucid point, 
to be even 250 times narrower than the aperture of the 
Glafs: yet were it not for the different refrangibility of the 
Rays, its breadth in an 100 Foot Telefcope whofe aperture 
is 4 Inches would be but 34 parts of an Inch, as is ma- 
nifeft by the foregoing Computation. And therefore in 
this Cafe the greateft Errors arifing from the {pherical Figure 
of the Glafs, would be to the greateft fenfible Errors ari- 
fing from the different refrangibility of the Rays as == 
to + at moft, that is only as 1 to 1826. And this fufh- 
ciently fhews that it is not the {pherical Figures of Glaffes 
but the different refrangibility of the Rays which hinders the 
perfection of Telefcopes. 

There is another Argument by which it may appear that 
the different refrangibiliry of Rays, is the true Caufe of the 
imperfeétion of Telefcopes. For the Errors of the Rays 
arifing from the fpherical Figures of Object-Glaffes, are 

K the 
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the Cubes of the apertures of the Object-Glaffes; and thence 
to make Telefcopes of various lengths, magnify with equal 
diftin&nefs, the apertures of the Obje&-Glaffes, and the 
Charges or missis Powers, ought to beas the Cubes of 
the {quare Roots of their lengths ; which doth not anfwer 
to Experience. But the errors of the Rays arifing from 
the different refrangibility, are as the apertures of the Ob- 
ject-Glaffes, and thence to make Telefcopes of various 
lengths, magnify with equal diftin&nefs, their apertures and 
charges ought to be as the fquare Roots. of their lengths ; 
and this anfwers to experience as is well known. For in- 
ftance, a Telefcope of 64 Feet in length, with an aperture 
of 22 Inches, magnifies about 120 times, with as much dif- 
tinctnefs as one of a Foot in length, with - of an Inch aper- 
ture, magnifies 15 times. 

Now were it not for this different refrangibility of Rays, 
Telefcopes might be brought to a greater Perfection than 
we have yet defcribed, by compofing the Obje&-Glafs of 

| two Glaffes with Water between them. Let ADFC repre- 
Fig, 19.fent the Obje&t-Glafs compofed of two Glaffes ABED and 
and BEFC, alike convex on the outfides AGD and CHF, 

and alike concave on the infides BME, BNE, with Water 
in the concavity BMEN. Let the Sine of Incidence out of 

Glaís into Air be asIto R and out of Water into Air as K 

to R, and by confequence out of Glafs into Water, as Ito 

K : and let the Diameter of the Sphere to which the convex. 

fides AGD and CHF are ground be D, and the Diameter 

of the Sphere to which the concave fides BME and BNE 

are ground be to D, as the Cube Root of KK—KI to the 

Cube Root of RK— RI: and the Refractions on the con- 

cave fides of the Glafles, will very much correé& the Errors 

of the Refractions on the convex fides, fo far as they arife. 

from the fphericalnefs of the Figure... And by this means. 
might. 
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might foie be brought to fufficient perfection, were it 
not for the different refrangibility of feveralforsof Rays. But 
by reafon of this different refrangibility, I do not yet fee any 
other means of improving Telefcopes by Refractions alone 
than that of increafing their lengths, for which end the late 
contrivance of Hiugenius feems well accommodated. For 
very long Tubes are cumberfome, and ícarce to be readily 
managed, and by reafon of their length are very apt to 
bend, and fhake by bending fo as to caufe a continual. 
trembling in the Objects, whereby it becomes difficult to 
fee them diftin&ly : whereas by his contrivance the Glaffes 
are readily manageable, and the Object-Glafs being fixt up- 
on a {trong upright Pole becomes more fteddy. 

Seeing therefore the improvement of Telefcopes of given 
lengths by Refractions is defperate ; I contrived hésidi i 2 
Perfpective by reflexion, ufing inftead of an Object Glafs 
a concave Metal. The diameter of the Sphere to which 
the Metal was ground concave was about 25 Englifh Inches, 
and by confequence the length of the Inftrument about fix 
Inches and a quarter. The Eye-Glafs was plano-convex, 
and the Diameter of theSphere to which the convex fide was 
ground was about ; of an Inch, or a little lefs, and by con- 
fequence it magnified between 30 and 40times. By ano- 
ther way of meafuring I found that it magnified about 
35 times. The Concave Metal borean aperture of an Inch 
and a third part ; but the aperture was limited not by an 
opake Circle, covering the Limb of the Metal round about, 
but by an opake circle placed between the Eye-Glafs and the 
Eye, and perforated in the middle with a little round hole 
for the Rays to país through to the Eye. For this Circle 
by being placed here, ftopt much of the erroneous Light, 
which otherwife would have difturbed the Vifion. By com- 
paring ic with a pretty good Perfpective of four Feet in 
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length, made with a concave Eye-Glafs, I could read at a 
greater diftance with my own Inftrument than with the 
Glafs. Yet Objects appeared much darker in it than in the 
Glafs, and that partly becaufe more Light was loft by re- 
flexion in the Metal, then by refraction in the Glafs, and 
partly becaufe my Inftrument was overcharged. — Had it 
magnified but 30o0r 25 times it would have madethe Object 
appear more brisk and pleafant. Two of thefeImade about 
16 Years ago, and have one of them ftill by me by which 
I can prove the truth of what I write. Yet it is not fo good 
as at the firft. For the concave has been divers times tar- 
nifhed and cleared again, by rubbing it with very foft Lea- 
ther. When I made thefe, an Artift in London undertook 
to imitate it; but ufing another way of polifhing them 
than I did, he fell much fhort of what I had attained to, 
as I afterwards underftood by difcourfing the under-Work- 
man he had imployed. The Polifh I ufed was on thisman- 
ner. I had two round Copper Plates each fix Inches in 
Diameter, the one convex the other concave, ground ve- 
ry true to one another. On the convex I ground the Ob- 
ject-Metal or concave which was to be polifh’d, till it had 
taken the Figure of the convex and was ready for a Polifh. 
Then I pitched over the convex very thinly, by dropping 
melted pitch upon it and warming it to keep the pitch 
foft, whilft I ground it with the concave Copper wetted to 
make it fpread evenly all over the convex. Thus by work- 
ing it well I made it as thin as a Groat, and after the con- 
vex was cold I ground it again to give it as true a Figure as 
I could. "Then I took Putty which I had made very fine 
by wafhing it from all its groffer Particles, and laying a lit- 
tle of this upon the pitch, I ground it upon the Pitch with 
the concave Copper till it had done making a noife; and 
then upon the Pitch J ground the Objeét-Metal with a brisk 
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Motion, for about two or three Minutes of time, leaning 
hard upon it. Then I put frefh Putty upon the Pitch and 
ground it again till it had done making a noife, and after- 
wards ground the Obje& Metal upon it as before. And 
this Work I repeated till the Metal was polifhed, grinding 
it the laft time with all my ftrength for a good while toge- 
thei, and frequently breathing upon the Pitch to keep it 
moift without laying on any more frefh Putty. The Ob- 
je&-Metal was two Inches broad and about one third part 
of an Inch thick, to keep it from bending. I had two of 
thefe Metals, and when I had polifhed them both I tried 
which was beft, and ground the other again to fee if I could 
make it better than that which I kept. And thus by many 
Trials I learnt the way of polifhing, till I made thofe two 
reflecting Pefpectives I fpake of above. For this Art of 
polifhing will be better learnt by repeated Pra&ice than by 
my defcription. Before I ground the Object Metal on the 
Pitch, I always ground the Putty on it with the concave 
Copper till it had done making a noife, becaufe if the Par- 
ticles of the Putty were not by this means made to ftick 
faft in the Pitch, they would by rolling up and down grate 
and fret the Object Metal and fill it full of little holes. 

But becaufe Metal is more difficult to polifh than Glafs 
and is afterwards very apt to be fpoiled by tarnifhing, and 
reflects not fo much Light as Glafs quick-filvered over does: 
I would propound to ufe inftead of the Metal, a Glafs ground 
concave on the forefide, and as much convex on tbe back- 
fide, and quick-filvered over on the convex fide. The Glafs 
muft be every where of the fame thicknefs exactly. Other- 
wife it will make Objects look coloured and indiftin&t. By 
fuch a Glafs Itried about five or fix Years ago to make 
a reflecting "Telefcope of four Feet in length to magnify a- 
bout 150 times, and J fatished my felf that there wants no- 


thing 
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thing but a good Artift to bring the defign to Perfection. 
For the Glafs being wrought by one of our London Artifts 
after fuch a manner as they grind Glafles for Telefcopes, 
tho it feemed as well wrought as the Object Glaffes ufe to 
be, yet when it was quick-filvered, the reflexion difcovered 
innumerable Inequalities all over the Glafs. And by reafon 
of thefe Inequalities, Objects appeared indiftin& in this In- 
ftrument. For the Errors of refle&ted Rays caufed by any 
Inequality of the Glafs, are about fix times greater than the 
Errors of refracted Rays caufed by the like Inequalities. Yet 
‘by this Experiment I fatisfied my felf that the reflexion on 
the concave fide of the Glaís, which I feared would difturb 
the vifion,did no fenfible prejudice to it, and by confequence 
that nothing is wanting to perfect thefe Telefcopes, but 
-gsood Workmen who can grind and polifh Glaffes truly fphe- 
rical. An Object-Glafs of a fourteen Foot Telefcope, made 
by one of our London Artificers, I once mended confidera- 
bly, by grinding it on Pitch with Putty, and leaning ve- 
ry eafily on it in the grinding, left the Putty fhould fcratch 
it. Whether this way may not do well enough for polifh- 
ing thefe reflecting Glaffes, I have not yet tried. But he 
that fhall try either this or any other way of polifhing which 
he may think better, may do well to make his Glafles rea- 
dy for polifhing by grinding them without that violence, 
wherewith our London Workmen prefs their Glaffes in grind- 
ing. For by fuch violent preffure, Glaffes are apt to bend 
a fle in the grinding, and fuchbending will certainly fpoil 
their Figure. To recommend therefore the confideration 
of thefe reflecting Glaffes, to fuch Artifts as are curious in 
figuring Glaffes, I fhall defcribe this Optical Inftrument in 
the following Propofition. 
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PRY P.. Vil Prob. 1i. 
To fhorten Telefcopes. 
T ET ABDC reprefent a Glafs fpherically concave on 


the forefide AB, and as much convex on the back- 

fide CD, fo that it be every where of an equal thicknefs. Let 
it not be thicker on one fide than on the other, left it make 
Objects appear coloured and indiftin&, and let it be very 
truly wrought and quick-filvered overon the backfide ; and 
fet in the Tube VXYZ which muft be very black within. 
Let EFG reprefent a Prifm of Glafs or Cryftal placed near 
tlie other end of the Tube, in the middle of it, by means of 
a handle of Brafs or Iron FGK, to the end of which made 
flat it is cemented. Let this Prifm be rectangular at E, and 
let the other two Angles at F and G be accurately equal to 
each other, and by confequence equalto half right ones, and 
let the plane fides FE and GE be fquare, and by confe- 
quence the third fideFG a rectangular parallelogram, whofe 
length is to its breath in a fubduplicate proportion. of two 
to one. Let it be fo placed in the Tube, that the Axis of 
the Speculum may país through the middle of the fquare 
fide EF perpendicularly, and by confequence through the 
middle of the fide F G at an Angle of 45 degrees, and let the 
fide EF be turned towards the Speculum, and the diftance 
of this Prifm from the Speculum be fuch that the Rays of the 
light PQ, RS, &c. whichare incident upon the Speculum in 
Lines Parallel to the Axis thereof, may enter the Prifm ac 
the fide EF, and be reflected by the fide F G, and thence 
go out of it through the fide GE, to the point T which 
muft be the common Focusof the Speculnm ABDC, and of 
a Plano-convex Eye-Glafs H, through which thofe Rays 
muft país tothe Eye. And let the Rays at their coming 
out 
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out of the Glafs pafs through a {mall round hole, or aper- 
ture made in a little Plate of Lead, Brafs, or Silver, where- 
with the Glafs is to be covered, which hole muft be no 
bigger than is neceflary for light enough to país through. 
For fo it will render the Object diftin&, the Plate in which 
tis made intercepting all the erroneous part of the Light 
which comes from the Verges of the Speculum AB. Such 
an Inftrument well made if it be 6 Foot long, ( reckoning 
the length from the Speculum to the Prifm, and thence to 
the Focus T) will bear an aperture of 6 Inches at the Spe- 
culum, and magnify between two and three hundred times. 
But the hole H here limits the aperture with more advan- 
tage, then if the aperture was placed at the Speculum. If 
che Inftrument be made longer or fhorter, the aperture muft 
be in proportion as the Cube of the fquare Root of the 
length, and the magnifying as the aperture. But its con- 
venient that the Speculum be an Inch or two broader than 
the aperture at the leaft, and that the Glafs of the Speculum 
be thick, that it bend not in the working. The Prifm EFG 
muft be no bigger than is neceffary, and its back fide FG 
muft not be quick-filvered over. For without quick-filver 
it will refle& all the Lightincident on it from theSpeculum. 

In this Inftrument the Object will be inverted, but may 
be erected by making the fquare fides EF and EG of the 
Prifm EFG not plane but fpherically convex, that the Rays 
may crofs as well before they come at it as afterwards be- 
tween it and the Eye-Glafs. If it be defired that the Inftru- 
ment bear a larger aperture, that may be alfo done by com- 
mcg the Speculum of two Glafles with Water between 
them. 
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PROP. 1 ITITEOR. E 
Tbe Phenomena of Colours 1n refracted or reflected Light 


are not caufed by new modifications of the Light var iouf- 
ly umpre eft, accor ding 1 to the various tei minations of tbe 


Light and Shadow. 
The Proof by Experiments. 


BXPER..L 


'OR if the Sun fhine into a very dark Chamber Fig. 1. 
through an oblong Hole F, whofe breadth is the 

fixth or eighth p part of an Inch, or fomething lefs ; and 

his Beam FH do afterwards pafs firft through a very 

large Prifm ABC, diftant about 20 Feet from the 


L Hole, 
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Hole, and parallel to it, and then. (with its white part) 
through an oblong HoleH, whofe breadth is about 
the fortieth or fixtieth part of an Inch, and which is 
made in a black opake Body Gl, and placed at the 
diftance of two or three Feet from the Prifm, in a pa- 
rallel fituation both to the Prifm and to the former 
Hole, and if this white Light thus tranfmitted through 
the Hole H, fall after wards upon a w hite Paper pt, 
placed after that Hole ze at the diftance of three or 
four Feet from it, and there paint the ufual Colours of 
the Prifm, fuppofe red at t, yellow at s, green at 1, 
blue at q, and violet at p; yon may with an iron Wire, 
or any fuch like flender opake Body, whote breadth is 
about the tenth part of an Inch, by Intercepting the rays 
at k, l, m, noro, take away any one of the Colours 
att, s r, qorp, whilft the other Colours remain up- 
on the DES as before ; or with an obftacle fomething 
bigger you may take away any two, or three, or four Co- 
lours together, the reft remaining: So that any one of 
the Colours as well as violet may become outmoft in 
the tonne of the fhadow towards p, and any one of 
them as well as red may become outmoft 1n the confine 
of the UPS towards t, and any one of them may alfo 
border upon the fbadow made within the Colours by 
the obftacle R intercepting fome intermediate part of 
the Light ; and, laitly, any one of them by: being 
left alone may border upon the fhadow on either hand. 
All the Colours have themfelves indifferently to any 
confines of fhadow, and therefore the differences of thete 
Colours from one another, do not arife from the ditfe- 
rent confines of fhadow, whereby Light is varioutly 
modified as has hitherto been the Opinion of Philofo- 
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phers. Intrying thefe things 'tis to be obferved, that 
by how much the Holes F and H are narrower, ind the 
intervals between them, and the Prifm greater, and the 
Chamber darker, by TM much the better doth the Ex- 
periment fucceed ; provided the Light be not fo far 
diminifhed, but that the Colours at pt be fufficiently 
vifible. QUA procure a Prifm of folid Glafs large enough 
for this Experiment will be difficult, and therefore a 
prifmatick Veffel muft be made of polií fhed Glats-plates 
cemented together, and filled with Water 


EXPERX I 


The Sun's Light let into a dark Chamber through 
the round Hole F, half an Inch wide, pafled firft through 
the Prifm ABC. placed at the Hole, and then through 
a Lens P T fomething more than four Inches broad, and 
about eight Feet diftant from the Prifm,and thence: cone 
verged to O the Focus of the Lens diftant from it about 
three Feet, and there fell upona white Paper DE. If 
that Paper was perpendicular to that Light incident up- 
on it, as 'tis reprefented in the pofture D E, all the Co- 
lours upon it at O appeared white. But if the Paper 
being turned about an Axis parallel to the Prifm, be- 

came very much inclined to the Light as ’tis reprefen- 
ted in the pofitions de and ««; the fame Light in the 
one cafe appeared yellow and red, in the other blue. 
Here one and the fame part of the Light 1n one and the 
fame place, according to the various inclinations of the 
Paper, appeared i in one cafe white, in another yellow 


Or red, in a third blue, whilft the confine of Light and 
L3 Shadow, 


Fig. 
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Shadow, and the refraétions of the Prifm in all thefe 
cafes fanned the fame. 
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Such another Experiment may be more eafily tried 
as follows. Let a broad bn n abt he Sun ’s Light coming 
into a dark Chamber through a Hole in the Window 
fhut be refracted by a large Prifm ABC, whofe re- 
fra&ing Angle C is more than iis degrees, and fo foon 
asit comes out of the Prifm let 1 t fall upon the white 
Paper DE glewed upon a ftiff i and this Light, 
when the Paper i 1S perpendicul: ir to it, as "tls reprefen- 
ted in DE, will appear perfectly white upon the Pap EE. 
but when the Paper is very much inclined to it in fuch 
a manner as to keep always parallel to the Axis of the 
Prifm, the whitenefs of the whole Light upon the 
Paper will according to the inclination of the Paper 
this way, or that way, change either into yellow and 
red, as in the pofture de, or into blue and violet, as 
in the pofture ^. And if "the Light before it fall upoiz 
the E: per be twice refracted the ee way by two pa 
rallel Prif fms, thefe Colours will become the more con- 
fpicuous, Here all the middle parts of the broad beam 
of white Light which fell upon the Paper, did without 
any confine, of fhadow to modify it, become coloured. 
all over with one uniform-Colour, the Colour being al- 
ways Hy fame in. the middle: of the.Paper as at the 
edges, and this Colour changed according the ides 
obliquity of the retlecting Paper, w ithout. any change 
in the refractions. or fh: adow, or in the Light which 
fell upon the Paper. And therefore thefe Colours are 

to 
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to be derived from fome other caufe than the new mo- 
difications of Light by refractions and fhadows. 

If it be asked, What then ts their caufe ? I anfwer, 
That the Paper in the pofture de, being more ali- 
lique to the more refrangible rays tiu to the lefs re- 
fran; tble ones, is more ftrongly 1 illuminated by the lat- 

‘than by the former, and therefore the lefs refran- 
un le rays are predom! ee in the reflected Light. And 
wherever they are predominant 1 in any Light they tinge 
it with red or yell ow, as may in fome meature appear by 
the firft Propofition of the firft Book,and will more fully 
appear hereafter. And the contrary happens in the 
pofture of the Paper ^, the more refrangible rays be- 
ing then predominant which always tinge Light with 
blues and V 1olets. 


EXI"ER. TW 


the Colours of Bubbles with. which Children play 
are various, and change their fituation variou fly, with- 
out any refpect to any confine of fhadow. If fuch a 
Bubble be covered with a concave Glafs, to keep it from 
being agitated by any wind or motion of the Air, the 

Colours will flowly and regularly change their fitta: 
tion, even whil (t the E ye and: the Bubb le, and all Bo- 
dies which emit any Light, or caft any fhadow, re- 
main unmoved. And thérefote their Colours arife from 
fome regular caufe which depends not on any confine of 
fhadow.. Whatthis caufe 1s will be fhewedin the next 
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To thefe Experiments may be added the tenth Ex 
periment of the firft Book, where the Sun's Light in a 
dark Room being tr ajected. through the parallel | fuperfi- 
cies of two Prifms tied together in the form of a Paral. 
lelopide, became totally of one uniform yellow or red 
Colour, at its emerging out of the Prifms. Here, in 
the produétion of thefe Colours, the confine of fhadow 
can have nothing to do. For the Light changes from 
white to yellow,orange and red fuccef fiv ely,w ithoutany 
alteration of the confine of fhadow: And at both edges of 
the emerging Light where the contrary confines of tha. 
dow ought to produce different effects, the Colour is 
one and the fame, whether it be w hite , yellow, orange 
or red: And in the middle of the emerging g Light, 
where there is no confine of fhadow at all, the Colour 
is the very fame as at the edges, the w hole Light at its 
very firft dr dun being of one uniform Colour, whe- 
ther white, yellow, orange or red, and going on the: 1ce 
perpetually without any change of Colour, tuch as the 
confine of fhadow is vulgarly fuppofed to work in re- 
tracted Light afteritsemergence. Neither can thefe 
Colours arife from any new modifications of the Light 
by refractions, becaufe they change fucceffively from 
white to yellow, orange and red, while the refractions 
remain the fame, and alfo becaufe the refractions are 
made contrary ways by parallel fuperficies which de- 
ftroy one anothers effects. ‘hey arife not therefore 
from any modifications of Light made by refractions 
and fhadows, but have fome other caufe. What that 
caufe 1s we fhewed above in this tenth Experiment, 
and.need not here repeat it. 


There 
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There is yet another material circumftance of this 
Experiment. For this emerging Light being by a third Fig. 22. 
Prifm HIK refra&ted towards the Paper P T, and there Part 1. 
painting the ufual Colours of the Prifm, red, yellow, 
green, blue, violet : If thefe Colours arofe from the 

refra&ions of that Prifm modifying the Light, they 
wonld not bein the Light before its incidence on that 
Prifm. And yet in that Experiment we found that 
when b 2 the two firft Prifms about their com- 
non Axis all the Colours were made to vanifh but the 
is ; the Light which makes that red being left alone, 
appeared of the very fame red Colour before its inci- 
dence on the third Prifm. And in general we find by 
other Experiments that when the rays which differ in 
refrangibility are feparated from one another, and any 
one fort of them 1s confidered apart, the Colour of the 
i Aght which bod compote cannot be changed by P 
refraction or reflexion whatever, as it ought to be were 
C olours nothiríg elfe than modifications of Light cauted 

y refractions, and reflexions, and fhadows. This un- 
dhungeablene of Colour I am now to defcribe in the 
following Propofition. 


ae ee se ee 


All bomogeneal Light bas its proper Colour an[wering to 


TE degree of refrangibility, and that Colour cannot be 
chang ed by reflexions and refractions. 


in the Experiments of the 4th Propofition of the firfi 
Book, when | had feparated the heter tee rays 
from one another, the Spectrum pt formed by the fepa- 
rated 
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rated rays, did in the progrefs from its end p, on which 

the moft refrangible rays fell, unto 1ts other end t, on 
vhich the leaft Tefrangib Je 1 rays fe H, d ppear tine sed 1 with 
this Series of Colours, violet, indico, blue, green, yel- 
low, orange, red, together with all their intermediate 
degrees in a | continual. fucceffion perpetually varying : 
So that there appeared as many degrees of Colours, as 
there were forts of rays differing in refi 'angibihlity. 


BAP BR ON. 


Now that thefe Colours could not be changed by re- 
fraction, I knew by refracting with a Prifm fometimes 
one very little part of this Light, fometimes another 

very little part, as 1s defcribed in the 12th Experiment 
of the firft Book. For by this refraction the Colour of 
the Light was never changed i in the leaft. If any part 
of the red Light was refracted, it remained totally of 
the fame red Colour as before. No orange, no yel- 
low, no green, or blue, no other new Colour was pro- 
duced by that refraction. Neither did the Colour any 
ways change by repeated refractions, but continued al- 
ways the [one Et Tara as at Arf. The like con- 
ened 10 immutabi lity | found alfo in the blue, g reen, 
and-other Colours. Soalfo if] looked through a Prifm 
upon ee body ‘ite with any part of this homo- 
seneal Light, as inthe 14th Experiment of the firft 
Book 1s defcribed ; J could not perceive any new Co- 
lour generate ed this w ay. All Bodies illuminated with 
compou ind Lisht appear through Prifms confufed (as 
was faid ab ove ) and tinged w ith various new Colours, 


E EN (ee | AE 1 ee ee al , ? 
Dut thofe illumina ted RET 1 hoimopenea 1] Ll nta App P I) Carca 
í 
through 

| 


oO 
"D 


[ 99 | 
through Prifms neither lefs diftinct, nor otherwife co- 
loured, than when viewed with the naked Eyes. Thetr 
Colours were not in the leaft changed by the refraction 
of the een Pnimwb fpe ak here of a fenfible 
change of Colour : For the Light which I here call ho- 
mogeneal, being not abfolutely “homog ene: 1 there ought 
to arife fome litt le change of Colour from its heteroge- 
neity. But if that heterogeneity was fo little as it might 
be made, by the faid Experiments of the fourth Propo- 
fition, that change was not fenfible, and therefore, in 
Experiments w here fenfe is judge, ought to-be accoun- 


ted none at all. 
BOX DIEN. X I 


And as thefe Colours were not changeable by refra- 
&ions, fo neither were they by reflexions. For all 
white, grey, red, vellow, green, blue, violet bodies, as 
Paper » Àfhes, red Lead, Orpiment, Indico, Dite, Gold, 
Silver, Copper, Grafs, "blue Flowers, V iolets, Bubbles 
of W ater tinged with various Colours, Peacock’s Fea- 
thers, the tin@ture of Lignum Nepbriticum, and T 
like, 1n red homogeneal Light ap peared totally red, 
blue Light totally blue, in green Light totally ae 
and fo of other Colours. In the homogeneal Light of 
of any Colour they all appeared poi of that fame 

Colour, with this only difference, that fome of them 
reflected that Light more ftrongly, others more faintly. 
| never yet found any Dody which by reflecting homo- 
seneal r ight could fenfibly change its Colour. 


M From 
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From all which it is HIR: that 1f the Sun's Light 
confifted of but one fort of rays, there would be but 
one Colour in the whole World, nor would it be pof- 
fible to produce any new Colour by reflexions and re- 
fractions, and by confequence that the variety of Co- 
lours depends upon the compohtion of Light 


weer peda LO. 


The homogeneal light and rays which appear red, 
or rather make Objects appear fo, 1 call rubrific - 
or red-makng ; thofe which make Objects appear 
yellow, green, blue and violet, I call yellow-ma. 
king, green-making, blue- making, violet- -making, 
and fo of thereft. And if at any time I fpeak of 
light and rays as coloured or endued with Co- 
lours, I would be underftood to {peak not philo- 
fophically and properly, but grotly, and accor- 
ding to fuch conceptions as vulgar People in fee- 
ing all thefe Experiments would be apt to frame. 
For the rays to {peak properly are not coloured. 
In them there is nothing elfe than a certain power 
and difpofition to ftir up a fenfation of this or that 
Colour. For as found ina Bell or mufical String, 
or other founding Body, is nothing but a trem- 

bling Motion, and in the Air nothing but that 
Motion propagated from the Object, and in the 
Senforium 'tis a fenfe of that Motion under the 
form of found ; fo Colours in the Object are no- 
thing but a capa to reflect this or that fort 
of rays more copioully than the reft ; in the rays 
they are nothing but their difpofitions to propa- 


sate 
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gate thisor that Motion into the Senforium, and 
in the Senforium they are fenfations of thofe Mo. 
tions under the forms of Colours. 


PROP. Mt ROB. I 


To define the refrangibility of the feveral forts of homo- 
geneal Light auf wertng to tbe feveral Colours. 


For determining this Problem I made the following 
Experiment. 


EXTEBR. VL 
When I had caufed the re&tilinear line fides A F, GM, Fig. 


of the Spectrum of Colours made by the Prfm to be 
diftinétly defined, as in the fifth Experiment of the 
hrft Basics is defcribed, there were found in it all the 
homogeneal Colous in the fame order and fituation 
one among another as in the Spectrum of fimple Light, 
defcribed in the fourth Experiment of that Book. For 
the Circles of which the Spectrum of compound Light 
P3 compofed, and which in the middle parts of 
the Spectrum interfere and are intermixt with one ano- 
ther, are not intermixt in their outmoft parts where 
they touch thofe re&tilinear fides AF and GM. And 
therefore in thofe rectilinear fides when diftinétly defi- 
ned, there is no new Colour generated by refraction. | 
obferved alfo, that if any w here between the two out- 
moft Circles T MF and PGA a right line, as y^, was 
crofs to the Spectrum, fo as att both ends to fall per- 
pendicularly upon its rectilinear fides, there appeared 
M 2 one 
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one and the fame Colour and degree of Colour from one 
end of this line to the other. I delineated therefore 1n 
a Paper the perimeter of the Spectrum FAPGMT 
and in trying the third E xpel riment of the firft Book, 1 
held the Paper fo that the Spectrum might D. "pon 
this delineated F igure, and « igree with 1t exact ly, whilft 
an Affiftant whofe Eyes for dittinguifhing Colours were 
nore critical than n nine, did by right lines a Dy chy «Cut. 
drawn crofs the Spectrum, note the confines of th ie Co- 
lours that 1s of the red Mz8F of the a sear’, of 
the yellow 7:$^, of the green :»*C, of the blue »,«?, 
of the indico n », and of the violet is A». And 
this operation bei divers times r epea ted both in the 
fame and in feveral P apers, I found that the Ob- 
fervations agreed well enough with one another, and 
that the rectilinear fides MG and. A were by ihe faid 
crofs lines divided after the manner of a mufical Chord, 
Let GM be produced to X, that MX iE be equal 
to G M, and conceive G. X, X, X," X, y X, «X 
c nu 


M X, tol be in proportion is one rano , as n , 


bers I, 3 T ! TED 8 i» and fo to rc ep! refent the 
Chords of the Key, and of a Tone, a third Minor, d 
fourth, a fifth, a fixth Major, a Mir and an eighth 
above that Key: And the intervals Mu, «y, ys; en, ni, 
mr, and ~G, will be the {paces w hich the feveral Co- 
lours ( red, orange, yellow,.green, blue, indico, violet.) 
ney eqns 
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rays having one common fine of inciden ice, and there- 
fore fince the common fine of incidence of the moft and 
= aft refrangible rays out of Glafs into Air was, (by a 
thod defcribed above ) found 1n proportion to their 
es of refraction, as 50 to 77 and 78, divide the dif- 
ic nce between the fines of refra&tion 77 and 78, as the 
line GM is divided by thofe intervals, you will have 
175.7755 0059. TI) TH TE 528 4. the fibas ef 
refraction of thofe rays out of Glafs into Air, their 
common fine of inc idence being 50. So then the fines 
of the incidences of all the red- making rays out of 
(5lafs into Air, were to the fines of their refractions, 
not greater than 50 to 77, nor lefs than 50 to 77; , but 
varied from one another according to. all id ns 
diate Boon s And the fines of the incidences 
" the green-making rays were to. the fines of 
re fractions in all proportions from that of 50 


tO 775 unto that of 5o to 77;.. And by the like limits 
above-m Wero 'd were the refractions. of the rays be- 
side to the reft of the Colours defined, the fines of 
the red-making rays extending from 77 to 7 , thofe 


of the orange- making from 77s “to 775» thote of the yel- 

4m: iking from 77: to "no thofe of the green- making 

trom 172: to 77: thoi of the blue- making from Em. to 

775 .Bbole 4d 2 prs "ad 

othe violet fron 1 ' to 73. 

' the Laws. of the Mor made out of 

Glaís : into Air, and thence by the three Axioms of the 

irft Book the Laws of tl ie refractions. made out of. Ait 
Lo Glafs are eahily dern ve 


EXPER 


L 94 ] 
DEXTRA VIT 


[ found moreover that when Light goes out of Air 
through feveral contiguous refracting Mediums as 
through Water and Glafs, and thence goes out ag; 
into Air, whether the refracting fuperficies be. paralle 
or inclined to one another, that | Aght as often as by 
contrary refractions 'tis fo corrected, that it emergeth 
in lines parallel to thofe in which it was incident, 
continues ever after to be white. But if the ner- 
gent rays be inclined to the incident, the whitenefs of 
the emerging Light will by degrees in paffing on from 
the place of emergence, become tinged in its edges with 
Colours. This I tryed by refra&ing Light with Prifm: 
of Glafs within a prifmatick Veflel of Water. Now thofe 
Colours argue a diverging and feparation of the hetero- 
geneous rays from one another by means of their un- 
equal refractions, as in what follows will more fully 
appear. And, on thecontrary, the permanent white- 
nets argues, that in like incidences of ther rays there 1s 
no fuch feparation of the emerging rays, and by confe- 
quence no inequality of their whole refractions. Whence 
l feem to gether the two following Theorems. 


€ 
1 
= 


The Exceffes of the fines of refraétion of feveral 
forts of rays above their common fine of incidence when 
the refraétions are made out of divers denfer mediums 
unmediately into one and the fame rarer medium, are 
to one another in a siven Proportion. 


The 


L 95 | 
The Proportion of the fine of incidence to the fine 
of refraction of one and the fame fort of rays out of one 
medium into another, 1s compotfed of the Proportion of 
the fine of incidence PM the fine of refraction out of the 
firft medium into any third medium, and of the Pro- 
portion of the fine of incidence to the ‘Gane of refra€tion 
out of that third medium into the fecond medium. 


By the firft Theorem the refra&tions of the rays of 
every fort made out of any medium into Air are known 
by having the refraction of the rays of any one fort. As 
for int ftance, if the refractions of the rays of every fort 
out of TERM water into Air be defired, let the common 
fine of incidence out of Glafs into Air be fubduécted 
from the fines of refraction, and ko: Excefles will be 
27, 27)» 2735 271 271, 27)» 271,28. Suppofe now 
i the fine of incidence of the id refrangible rays be 

o their fine of refra€tion out of Rain-water into Air as 
iced to four, and fay as 1 the difference of thofe fines 
is to 3 the fine of incidence, fo 1s 27 the leaft of the 
Excefles above-mentioned to a fourth number 81 ; and 
81 will be the common fign of incidence out of Rain- 
water into Air, to which fine 1f you add all the above- 
mentioned Excefles you will have the defired fines of 
the refractions 108, 108%, 108;, 108;, 108:, 1083, 
10825. 109. | 

By the latter Theorem the refraction out of one me- 
dium into another 1s gathered as often as you have 
the refractions out of them both. into any third medium. 
As if the fine of incidence of any ray out of Glafs into 
Air be to its fine of refraction as 20 to 31, and the fine 


of incidence of the fame ray out of Air into Water. be 
to 


to its fine of refraction as four to three; the fine of 
incidence of that ray out of Glafs into Water will be to 
its fine of refraction as 20 to 31 and 4 to3 joyntly, that 


- 


e 4 y» 1 
as the Factum of 20 and 4 to the Fa cn m of 31 and 


1S, 
2, or as 80 to 93. 

And thefe Theorems being admitted into loas 
there would be Cope enough of hand ling that Science 
voluminoutly after a new manner ; not only by te ins 
thofe things “which. tend to the perfection of f but 
alfo by determining mathematically all kinds of Pheno- 
mena of Colours which could be produced by refra- 
Cons. For to do this, there is nothing elfe requifite 
than to find out the fepar ‘ations of heterogeneous rays, 
and their various mixtures and proportions in every 
mixture. By this way of arguing I invented almoft 
all the Phenomena detfcribed in thefe Books, be! ide fome 
others lefs neceffary to the Argument ; and by the 
fuccefles I met with in the tryals, I dare Fea that 
to him who fhall argue truly, and then try all things 
with good Glafies and fufhcient circum{pection, the 
expected event will not be wanting. But he is firft to 
know what Colours will arife from any others mixt in 
any affigned Proportion. 


PROTSCIV THEOT. 


Colours may be produced by compofition which fball be [i 
to the Colours of bomoveneal Light a to the ae ance 

of Colour, but not as to the immutability of Colour a ud 
conflitutiom of of Lagbt. adl tbofe Colours i how much 
bey are more ae ounded by [o much are they le[s full 


ant inteufe, aua 1 hy too THuC ‘hy compofition they bis be 
dilute 1 


Sod oc 22 Z 
CC de : T IPE E> 29 0A De 


] ] ; eem f. Ji 
JA A by CO po fil 10H 5 anbicb ave noi ] MAN 


y ! ] 
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For a mixture of homogeneal red and yellow 
pounds an orange » like in appearance of Colour | 
orange which in the feries of unmixed prifmatick 
lours lies between Hue but the Light of on 
is homogeneal as to refra ingibility, ch at of the 

Colour of E one, 1 
remains unchanged, that of 


va 


efolved into its component Co 
d after the fame manner other 
homog 'eneal Colours may compounc 
| he in mediate homogeneal ones, 
, the Colour between them both, and af. 
hb bie be added, there will be made a green 
Colour of the three which enter the compo- 
yn. he yellow and blue on either hand,1f they are 
alin quantity they draw theintermediate sreen equal- 
ly tow ards themfe P sin compofition, and fo keep it as 
it were in equilibrio, that it verge not more to the 
on the one hand, 1 than to the |! blue on the other 
by their mixt actions remain {till a middle Colour. 
nixed green there may 
violet, and yet the 91 
only STOW lets fu 
d and violet : and more 
y the prevalence of the added Colours it 
ide turned into whiten or fome 
E to the FIRE Y any, hi omogenea 
Light d. all forts of rays s be 
N added, 
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added, that Golour will not vanifh or change its fpe- 
cies bht be diluted, and by adding more and more white 
it will be diluted more and more perpetually. Laft- 
ly, if red and old be mingled, there will be generated 
according to their various Proportions various ; Purples, 
fuch as are not like in appearance to the Colour of any 
homogeneal Light, and of thefe Purples mixt with yel- 
low and blue may be made other new Colours 


PRT. V. Lee. BY. 


W bitene[s and all grey Colours betaween white and black, 
may be compounded of Colours, and the sbitene[s of the 
Sun's Lag bt i compounded of all the primary Colours 
mixt tn a due propor t10n. 


The Proof by Experiments. 


Lar ee. DX 


he Sun fhining into a dark Chamber through a 
ned round Hole in the Window { (hor: and his Light 
being there refracted by a Prifm to caft his coloured 
Image P T upon the oppofite Wall : I held a white Pa- 
per V to that E in fuch manner that it might be 
illuminated by the coloured Light retle&ted from thence, 
and yet not intercept 2 any part of that Light in its paf- 
{age from the Prifm to the Spectrum. And I found that 
when the Paper was held nearer to any Colour than to 
the reft, it appeared of that Colour to which it ap- 


proached neareft ; but when it was equally or almoft 


equally 
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equally diftant from all the Colours, fo that it might 
be equally illuminated by them all it appeared white. 
And in this laft fituation of the Paper, i£ fome Colours 
were intercepted, the Paper loft its white Colour, and 
appeared of the Colour of the reft of the Light which 
was not intercepted. So then the Paper was illuminated 
with Lights of various Colours, namely, red, yellow, 
sreen, blue and violet, and ev ery part of the Light re- 
taine d its proper Colour, until it was incident on the 
Paper, and became reflected thence to the Eye ; fo that 
if it had been either alone (the reft of the Lig! ht being 
intercepted ) or if it had abounded moft and been pre- 
dominant in the Light reflected from the Paper,it would 
have tinged the Paper with its own Colour; and yet be- 
ing mixed with the reft of the Colours in a due propor- 
tion, it made the Paper look white, and therefore by a 
compofition with the reft produced that Colour. “The 
fex eral parts of the coloured Light reflected from the 

Spectrum, whilft they are propagated from thence thro' 
ti his Air, do perpetually retain their pd Colours, 
becaufe wherever they fall upon the Byes of any Specta- 
tor, they make the íeveral parts of the Spectrum to 
appear under their proper Colours. T hey retain there- 
fore their p Colours when they fall upon the Pa- 
per V, and fo by the confufion and perfect mixture of 
thofe Colours compound the whitenefs of the Light 
reflected from thence. 


j EATER. X 


Let that Spectrum or folar Image P T fall now upon . 
the Lens MN above four Inches broad, and about fix 


N 2 . Feet 


[ roo: 
nt from the Prifm A BC, and fo figured that 
e the coloured Light which diverzeth from 
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it may cat : 
the rif to converge and meet again at its Focus G, 
about fix eight Feet dift: ant from the Lens, and 
there to fall perp 'endicularly i )On € bd 
And if you move this Paper to pur | 

eive that near the Lens, as at de, the whole 
( fappof eat pt) will appear upon 1t intenfly coloured 
after the manner above-explained, and that 
from the Lens thofe Colo urs will Ee me to- 
wards one another, and by mixing more and more di- 
lute one another continually, until at length the l'aper 
come to the Focus G, w here by a perfect mixture they 
will v bos vanifh and be converted into whitenefs, the 

whole Light: appearing now d the Paper like a little 
white - Circle. And afterwards by receding further from 
the Lens, the rays which ee converged will now 
crofs one another 1n the Focus G, and diverge from 
thence, and thereby make the Colours to appear again, 
but yet in a contrary order ; fuppofe at ^, where the 
red t is now above which before was below, and the 
violet p 1s below which before was above. 

let us now ftop the Paper at the Focus G where 
the Light appears totally white and circular, and let us 
confider its whitenefs. J fay, that this is compoted of 


the converging Colours. For if any of thofe Colours 


zi 


be intercepted at the | s the whitenefs will ceafe and 
degenerate into that Colour which arifeth from the 


compofiti on of the other Colours which are not inter- 
d then if the intercepted Colours be let 
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) 
xfs and fall upon that compound Colour, they mix 
vith it, and by their mixture reftore the whitenefs 
So 


and vi iolet 


gether with it decom- 
us compofition of white 
change 1n their colori- 
hes sb acting upon one another, but are only 
mixed, anc | by a mixture of their Colours produce 
may dos appear by thefe Arguments; 
ie Paper be placed beyond the Focus cr, 
| ia en vend d Colour at the Lens t 
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rcepted, and let pafsa igaln, the;v V1O 


Paper E not fuffer any change ge ther 
Ti ts of ravs acted 1 upoi 
W Were Peg Cro, NE ther 
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du at the aae: v. , and [ 

round | Gà be viewed through the | 
id by rod NNLLA of that Prifm "He ^ t Em 
rv, and there appear tinged with various 
namely, the fugiet at v and red at b4 ae 
ween, and then the red Colour at the Lens be 
and let pats by turns, the red at r will ac- 
ngly eee and return as often, but the violet 
at v will not thereby fuffer any change. And fo by 
topping and letting país EM nately the blue at th 
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Lens, the blue at r will accordingly difappear and re 
turn, without any change made in the red atr. The 
red therefore depends on one fort of rays, and the blue 
on another fort, which 1n the Focus G where they arc 
commixt do not act on one another. And there is the 
(ame reafon of the other Colours. 

i confidered further, that when the moft refrangible 
Bur p, and the leaft refrangible ones T t, are b. con- 
E inclined to one another, the Paper, if held vei » 
ob! ique to thofe rays in the M n might reflect one 
fort of them more copioufly than the other fort, and by 
that means the reflected Light would be tinged in that 
Focus with the Colour of the predominant rays, pro- 
vided thofe rays feverally retained their Colours or co- 
lorific qualities in the compofition of white made by 

themin that Focus. But if they did not retain them 
in that white, but became all of them fevera lly endued 
there with a dif fpofition to ftrike the fenfe with the per- 
ception of white, then they could never lofe their white- 
nets by fuch reflexions. I inclined therefore the Paper 
to the rays very obliquely, as in the fecond Experi iment 
of this Book, that the mot refrangible rays might 
more copiou ily reflected than the reft, and the whit 
nefs at length changed fucceffively into blue, indie xe 
and violet. Then I inclined it the contrary way, t that 
the moft refrangible rays might be more copious in the 
reflected Light than the re! ft. and the whitenefs turned 


fucceffively t to yellow, orange and red. 
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Laftly, | made "n Inftrument X Y in fafhion of a 
Comb, whole Feeth being in number fixteen were 
about an Inch and an half broad, and the intervals of the 
Teeth about two Inches wide. Then by interpofing 

fuc- 


mor 
fucceffively the Teeth of this Inftrument near the Lens, 
I intercepted part of the Colours by the interpofed 
Tooth, whilft the reft of them went on through the in- 
terval of the Teeth to the Paper D E, and there pain- 
ted a round folar Image. But the Paper I had firft pla- 
ced fo, that the Image might appear white as often 
as the Comb was taken away; and then the Comb be- 
ing as was faid inter pofed, that whitenefs by reafon of 
the intercepted part of the Colours at the Lens did al- 
ways change into the Colour compounded of thofe 
Colours which were not intercepted, and that Colour 
was by the motion of the Comb perpetually varied fo, 
that in the paffing of every Tooth over the Lens all 
thefe Colours red, yellow, green, blue and purple, did 
always fucceed us ee I caufed therefore all the 
Teeth to pafs fucceffively over the Lens, and when the 
motion was flow, there appeared a perpetual fucceffion 
of the Colours upon the Paper: But if 1 fo much acce- 
lerated the motion, that the Gelaiics by reafon of their 
quick fucceffion could not be diftinguifhed from one 
another, the appearance Wd the fingle Colours ceafed. 
There was no red, no yellow, no green, no blue, nor 
purple to be feen any longer, but from a confufion of 
them all there arofe one uniform white Colour. Of the 
Light which now by the mixture of all the Colours ap- 
pe: ared white, there was no part really white. One 
part was red, another yellow, a third green, a fourth 
blue, a fifth h purple, and every part retains its proper 
Colour till it ftrike the Senforium. If the imprefhons 
follow one another llowly, fo that they may be feve- 
ral ly DT ved, there ts wide a diftin& fenfation of all 
: Colours one after another in a continual fucceffion. 


But 
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But ides d Ris unpretiions rIOIJJIOW one another 10 Qqauickiv 
that they cannot be feverally ps ived, there arifeth 
A ha T Ere RU CA IMS rerc saw fy "rupe es ei) cis. 
out of CC ali One ie lentat don, which LS WIE] 
» L6 Ww e ag J a c- " 4. 1 : de 
ther of this Colour alone nor of that alone, but hath it 
- > @ 1 11 1 ,3 : * - . Fon 
felf indifferently to 'em all, and this is a fenfation of 
S att m s j "a ce i "es DEW... ' , 
whitenefs. y the quicknels of the iuccetlions the im- 
preffions or Tne iei eral Colours are contr ounde Cl ID: THe 
oeníorium, and out of that confufion arifeth a mixt {en- 
fation. If a burning Coal be numb ly moved round in a 


Circle with Gy rations continually repeated, the whole 
Circle willappear like fire ; the reafon of w hich is, that 
the fenfation of the Coal in the feveral places of that 
Circle remains impreft on the Senforium, until the 
Coal return again to the fame place. And fo in a 
quick « cotitécütion of the Colours the impreflion of eve ry 
pu bine in the Senforium, until a revolution of 
all the Colours be compleated, and that firft Colour re- 
turn again. The 11 nprefhons th therefore of all the fucceffive 
Colours are at once in the Senforium,and joyntly ftir up 
a fenfation of them all ; and fo it is manifeft by this Ex- 
periment, that the commixt impreffio ns of all the Co- 
lours do ftir up and beget a fentation of white, that is, 
that whitenefs is compounded of all the Colours. 

And if the ore be now taken away, that all the 


aa 3 Ab, 
-olours may at e pais from the Lens to the Paper, 
ME be there iiber eed] and together reflected thence 


1 e [4 JT : Mert TUS MANN 
to the Spectators Eyes ; their imp 
rium being now more fubtily | 

there, ought much more to ftir up a fenfation of white- 


nets. 
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You may inftead of the Lens ufe two Prifins HIK 
and L MN, which by refra&dting the coloured Light 
the contr: ary way to that of the firt refraction, may 


make the diverging rays converge and meet aga in in G, 
as you fee it reprefei nted in the feventh Figure. For Pe 
where they meet and mix they will compote a white 


Light as when a Lens is ufed. 


HAP Pi GL 


let the Sun’s coloured Image PT fall upon the Wa 
of a dark Chamber, as in the third E xperiment of the 
rft Book, and let the fame be viewed through a Prifm 
d ks c, held parallel to the Prifm ABC, by whee fe refra- 
&ion that Image was made, and let it now appear lower 
than before, fuppofe in the place S over againft the ie 
colour T. And if you go near to the Image P’ 1, 
Spectrum $ will appear oblong and coloured like dab le 
Ima l ; but if you recede from it, the Colours of 
| trum S will be contracted mre and more, and 
‘length vanith, that Spectrum 5 becoming pertectly 
round and white ; and if you recede yet fui ther; the 
Colours will emerge again, but 1n a contrary ordet 
Now that spect ‘um S app dare white in that cafe when 
the rays of feveral forts which converge from the feve- 
ral part rt he Image PT, to the Prifm a ib Q,' ate to 
efracted unequally by ib that in their paflage from the 
Prifm to the Eye they may diver rge froi n one and the 
fame point of the Spectrum 9, and fo fall afterwards 
upon one and the fame point in the bottom of the Eye, 
and there be mingled. 


O And 
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And further, if the Comb be here made ufe of, by 
whofe Teeth the Colours at the Image P'T may be fuc- 
ceflively intercepted ; the Spectrum $ when the Comb 
is moved flowly will be perpetually tinged with fuc- 
ceffive Colours: But when by accelei rating the motion 
ofthe Comb, the fuccefhon of the Colours is fo quick 
that they cannot be feverally feen, that Spectrum 5, vy 
2 confüfed and mixt fenfation of them all, will a appe 
white. 


EXPER. XIL 


o 


a Comb X Y, placed immediately behind thePrifm, his 
Light w iuh paffed through the interftices of the Teeth 
fell upon a white Paper DE. The breadths of the 
Teeth were equal to their interftices, and feven Teeth 
together with their interftices took up an Inch in 
breadth. Now when the Paper was about two or 
three Inches diftant from the Comb, the 2x which 
pafled through its feveral interftices painted | io many 
ranges of Colours kl, mn, op, qr, $c. which were 
parallel to one another and contiguous, and without any 
mixture of white. And thefe ranges of Colours, if the 
Comb was moved continually up and down with a re- 
ciprocal motion, afcended and defcended in the Paper, 
and when the motion of the Comb was fo quick, that 
the Colours could not be diftinguifhed from oneanother, 
the whole Paper by their confufion and mixture in the 
Senforium ap peared white. 


The Sun fhining through a large Pritm ABC upon 


Let 
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Let the Comb now reft, and let the Paper be remo- 
ved further from the Prifm, and the feveral ranges of 
Colours will be dilated and expanded into one another 
moreand more, and by mixing their Colours will di- 
lute one another, and at length, when the diftance 
of the Paper from the Comb is about a Foot, or a 
little more ( fuppofe in the place 2 D 3 E) they will 
fo far dilute one another as to become white. 

With any Obftacle let all the Light be now ftopt 
which pafles through any one interval of the Teeth, to 
P at d range of Colours which comes from thence may 

aken away, and you will fee the Light of the reft of 
il: ranges to be expanded into the place of the range 
taken away, and there to be coloured. Let the inter- 
cepted range país on as before, and its Colours falling 
upon the Colours of the other ranges, and mixing with 
them, will reftore the whitenefs. 

Let the Ps Rud: 2D 2E be now very much inclined to 
the rays, fo that the moft refrangible rays may be more 
copiouf UK efle&ed. than the reft, and the white Colour 
of the Paper through the excefs of thofe rays will be 
change d into > blue. and kd Ei the Paper be as 

iat ha leaft refr: in- 


excefs the ww =o nefs will be 

hang aks 1 ii dichos jum red. _ The feveral rays there- 

fore n that white Light do retain yos colorific qua- 

lities, by which thofe of any fort, when-ever they be- 

come more copious than the reft, do by their excefs 

and predominance caufe their proper Colour to ap- 
pear. 


And 


m vi 


its very 
emergence, W ee it ; ap pears as ahi as s Its 1NC1- 
dence, is compou nded of various Colours. 


[n the foregoing Experiment the feveral intervals of 
the Teeth of the Comb do the office of fo m any Prifms, 
every interval producing the Phenomenon of one Prifm 
Whence inftead of thofe intervals ufing feveral Prifms, | 
try dto dr aea hitenefs by mixing their Colours and 


did it by ufing only three Prifms, as alfo by ut ing on! 
J ‘i y 


IO. two as follows. Let two Prifi ins A BC and abc, whote 


refracting Angles Band b are equal,be fo ph aced paralle J 
to one an other, that the refracting Angle B of the one 
may touch the Angle c at the bafe of the other, and 
their planes CB and c b, at which the rays emerge, may 
lye in directum. Then let the Light trajected through 


them fall upon the P aper M N. di. ant about $8 


Or 12 
Inches from the Prifms. And the Pedum generated 
by the interior limits B and c of the two Prifms, will 
be mingled at P T, and there Uu white. For if 
either Prifm be taken away, the Colours made by the 
other will appear in that place P T, and when the Prifin 
is reftored to its place again, fo that its Colours may 
there fall upon the Colours of the other, the mixture 
of them both will reftore the whitenefs. 


] 
I 


r " 
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This Ex periment fucceeds alfo, as I have tryed, when 

the Angle b of thelower Prifm is a little greater than 
the’ Angle B of Misa upper , and between the interio 
Angles B and c, there inte cedes fome [pice Bc, as i 
reprefented in the d coni and the retracting (EE 
BC and bc, are neither. in RE nor parallel t 
one another. For there 1s nothing more requifite to 
the fuccefs of this Experiment, this. a 1at the rays of all 
forts may be uniformly cod upon the EE in the 
place Pd Jip the molt re frangible rays coming fron 
the fuperior Prifm take up all the {pace from M toP th 
rays of the fame fort which come from the ‘feels 
Prifm | O1 ent to begin at P, and take up all the reft of on 
{pace from thence towards IN. If the leaft refrangible 
rays oming > fron n the fuperior Prifm take up the fp ace 
MI, “the rays of the fame kind which come from the 


n 


other di ifm ought to begin at T, and take up the remain- 
ing fpace TN. If one fort of the rays which have in- 


(^ 
term ton late degrees of refrangibility, and come from the 
fuperior Fri (m be « e eg through the {pace MQ, and 
another fort of thofe rays through the {pace MR, and 
a third fort of them through the {pace MS, the Pasi 
forts of rays coming fron 1 the lower Prif {m, ought to il- 
luminate the remaining (paces QN, RN, SN re{pe- 
ively. A the (ame is to be undeiftgod of all the 
other forts ofrays. For thus the dir Lt fort will 
e {cattered unifori mly and ES through the whole 
| :, and fo being every where mixt in the fame 
proportion, they muft ev ery where produce the fame 
our. And therefore fince by this mixture they pro- 
duce white in the exterior {paces MP and ITN, they 
muft alfo produce white in the interior {pace P T. This 
1S. 


h 
he 


[ gto] 
is the reafon of the compofition by which whitenef 
was produced in this Experiment, and by what other 
way foever I. made the like compofition the refult was 
whitenefs. 

odis If with the Teeth of a Comb of a due fize, 
the coloured pets of the two Prifms which fail upon 
the fpace P'T be alternately intercepted, that fpace 
PI. when the ‘apiece of the Comb is flow, will always 
appear coloured, but by accelerating the motion of 
the Comb fo much, that the fucceffive Colours can- 
not be diftinguifhed from one another, it will appear 
white. 


EXPER. XLV. 


Hitherto 1 have produced whitenefs by mixing the 
Colours of Prifms. If now the Colours of natural Bo- 
dies are tobe mingled, let Water a little thickned with 
Soap be agitated to raife a froth, and after that froth 
has ftood a little, there will appear to one that fhall 
view it intently v various Colours every where in the 
furfaces of the feveral Bubbles ; | but to one that fhall 
go fo far off that he cannot diftinguifh the Colours from 
one another, the whole froth will grow white with a 
perfect whitenefs. 


E NPEUSMY 


Laftly, in attempting to compound a white by mixing 


the coloured Powders which Painters ule, | confidered 
that all coloured Powders do füpprefs and ftop in 
them a very confiderable part of the Light by which 

they 


| rii 

they are illuminated. For they become coloured by 
refle& ing the Light of their own Colours more copi ioufly, 
gie that of all other Colours more fparing ly, and yet 
they do not reflet the Light of their own Colours fo 
copioufly as white Bodies do. If red Lead, for inftance, 
and a white Paper, be placed in the red Light of the 
coloured Spectrum made in a dark Chamber by the re- 
fraction of a Prifm, as 1s defcribed in the third Eperi- 
ment of the firft Book ; the Paper willappear more lu- 
cid than the red Lead, and therefore refle&s the red- 
making rays more copioufly than red Lead doth. And 
if they be held in the Light of any other Colour, the 
Ll ight reflected. by the Paper willexceed the Light re- 
flected by the red Lead in a en greater proportion. 
And the like happens in Powders ‘of other Colours. 
At d E fore by mixing fuch mee we are not to 
a ftrong and full white, fuch as is that of Paper, 

but ae dusky obfcure one CHEN as might arife from a 
mixture of light and « darknels, or from white and black, 
that is, a grey, ordun, or ruflet brown, {uch as are the 
Gulistok of a Man's Nail, of a Moufe, of Athes, of or- 
dinary Stones, O f Mortar, of Dutt t and Dirt in. High- 
ways, and the like And fuch a dark white I have 
often produced by mixing coloured Powders. For thus 
one part of red Lead. and five parts of /Ziride ZErzs,com- 
pofed a dun Colour like that. of a Moufe. For thefe 
two Colours were feverally fo compounded of others, 
that in both together were a mixture of all Colours ; and 
here was lefs red Lead ufed than Viride Airis, becaufe 
f the fulnefs of its Colour. Again, one part of red 
ead, and four parts of blue Bife, compofed a dun Co- 
our verging a little to purple, and by adding to this a 
cer tain 


0 
| 
| 
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certain mixture of Orpiment and Mirid: Ais in a due 
proportion, the mixture loft its purple tincture, and be- 
came perfectly dun. But the Experiment facceeded beft 
without Minium thus. . To Orpiment Í added by little 
and little a certain full bright purple, 2d Painters 
ule until the Orpiment ceafed to be sallow! and becam 
ofa pale red. Then I diluted that red by adding 
little Viride /Ers, anda little more blue Bit eighty /^:- 

ridi ZErsz, until it became of fucha grey or pale white, 
as verged to no one of the Colours more than to ano- 
ther. For thus it became of a Colour equal in white- 
nefs to that of Afhes or of Wood newly cut, or of a 
Man's Skin. The Orpiment refle&ted more Light than 

did any other of the Powders, and therefore conduced 
snore to the whitenefs of the compounded Colour than 
a Yo aflign the proportions accurately may be 

hfficult, by reafon of the different goodnefs of Pow- 
ders of the fame kind. Accordingly as the Colour of 
any Powder 1s more or lefs full and luminous, it ought 
to be ufed 1n a lefs or greater proportion. 

Now confidering that thete grey and dun Colours 
nay be alfo produced by mixing whites and blacks, and 
yy confequence differ from per fect whites not 1n Sp ecies 
ot Colours but only in degree of luminoufnets, 1t is ma- 
pifeft that there is nothing more requifite to make 
them perfectly white than to incre: ife their Light fuff- 
ciently ; and, on the contrary, uf by increafin g their 
Light tl rey can be eee to perfect whitenefs, it will 
thence alto follow, that they are of the fame Species of 
Colour with the be x and differ from them only 


a | 
a the quantity of Li n it. And this I tryed as follows. 


= 
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i took the third of the above-mentioned grey mixtures 


1 
4- Es 
( that 
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( that which was compounded of Orpiment, Purple, 
Bife and JZiride ZEris) and rubbed it thickly upon the 
Hoor of my Chamber, where the Sun fhone upon it 
through the opened Cafement ; and by it, in the fha- 
dow, I laid a piece of white Paper of the fame bignefs. 
Then going from them to the diftance of 12 or 18 Feet, 
fo that I could not difcern the unevennefs of the furface 
of the Powder, nor the little fhadows let fall from the 
gritty particles thereof ; the Powder appeared intenfly 
white, fo as to tranfcend even the Paper it felf in white- 
nets, efpecially if the Paper were a little fhaded from 
the Light of the Clouds, and then the Paper compared 
with the Powder appeared of fuch a grey Colour as the 
Powder had done before. But by laying the Paper 
where the Sun fhines through the Glafs ofthe Window, 
or by fhutting the Window that the Sun might (hine 
through the Glafs upon the Powder, and by fuch other 
fit means of increafing or decreafing the Lights where- 
with the Powder and Paper were illuminated , the 
Light wherewith the Powder is illuminated may be 
made ftronger 1n fuch a due proportion than the Light 
wherewith the Paper is illuminated, that they fhall both 
appear exactly alike in whitenefs. For when I was 
trying this, a Friend coming to vifit me, | ftopt him 
at the door, and before I told him what the Colours 
were, or what I was doing ; Laskt him, Which of the 
two whites were the beft, and wherein they differed ? 
And after he had at that diftance viewed them well, he 
anfwered, That they were both good whites, and that 
he could not fay which was beft, nor wherein their Co- 
lours differed. Now if you confider, that this white 
of the Powder in the Sun-fhine was compounded of the 

Colours 
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Colours which the component Powders ( Orpiment; 
Purple, Bife, and Viride Eris) have in the fame Sun- 
fhine, you muft acknowledge p this Experiment, as 
We H a is by the former, that pert fect whitenefs may. be 
CO Ump OU ded of Calones. 

From what has be en faid it is alfo eviden 
whitenefs of theSun's Light 1s compounded of a! 
Colours wherewith the (everal forts of rays v ‘Thereof 
that Light confifts, when by their fever H refr: angil xlt 
ties they are i from one another, do nec Paper 
or any other white Body whereon they ll For thofe 
Colours by. Prop. 2. are unchangeable, and w henever 
all thofe rays with thofe their Colours save mixt again; 
they reproduce the fame white Light 2s before. 


PR AP ae Be 


In « (iet e of 4 pi "mary Colour Sy the qua ntaty and qualis 
P Á 
of eack > being given, to know the Colour 0| the com- 


pound 


With the Center O and Radius O D deferibe a Circle 


A DF, and Spp fh its circumference into pith parts 
YE, EF, EG, GA, AB, BC, CD, proportional to 
€ 1s 


the feven mufical Fo aber Interv: falsio| f 'the eight Sound S. 

Sot, la, fa, fol, las mt, ft» fol, contained in an might, 
I 

that is, proportional to th enumbers 2, 5, 4,9 E, 1, 169 

'- Let the firft part DE repr efent a red Colour, the 

fecond EF orange, the third EG yellow, the fourth 


(cH green, the fifth AB blue, the ON BC indico, 
and. the feventh Mini iiit And- conceive. that thete 
are all the Colours of uncompounded. Light gradually 

X paffing 


paffing into one another, as they do when made bv 
Prifms ; the circumference DE FG A BC D, reprefen- 
ting, the whole feries of Colours from one end of the 
Sun’s coloured Image to the other, fo that from D to E 
be all cA of red, at E the mean Colour between red 
and orange, from E to F all degrees of orang iJ at | the 
mean between orange and yellow, rom F to G all de- 
grees of y yellow, and fo on. Let p be the center of 
gravity of the Arch D E, and q, r, s, t, v, x, the centers 
of gravity of the Arches E E, FG, GA, AB, BC 
and CD refpectively, and about thofe centers of gra- 
vity ' let Circ des proportional to the number of rays of 
ich Colour in the given mixture be defcribed; that 1s, | 
ce circle p sapien il to the number of Efi red-ma- 
king rays in the mixture, the Circle q proportional to 
the number of the orange- making rays in the mixture 
and fo of the reft. Fin T the common center of gravity 
of all thofe Cireles p, q, 1, 8,6; v,.x-.: Let that center 
be Z ; and from the center ofthe Circle A D F, through 
Zto the circumference, drawing the right line OY, 
the place of the > point Y in the circumference (hall fl 
the oi lour arifing from the compofition of all he Cds 


em 
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lours in the given mixture, and the line OZ fhall be 
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but half fo intenfe, thatis, it fhall be fuch a Colouras 
would be made by diluting the intenfeft yellow with an 
equal quantity of whitenefs ; and if it fall upon the 
center O, the Colour fhall have loft all its intenfenefs, 
and become a white. But it is to be noted, That if the 
point Z fall in or near the line O D, the main ingredients 
being the red and violet, the Colour compounded fhall 
not beany of the prifmatic Colours, but a purple, in- 
chning to red or violet, accordingly as the point Z 
lieth on the fide of the line DO towards E or towards C, 
and in general the compounded violet 1s more bright and 
more fiery than the uncompounded. Alfo if only two 
of the primary Colours which in the Circle are oppofite 
to one another be mixed in an equal proportion, the 
point Z fhall fall upon the center O, and yet the Co- 
lour compounded of thofe two fhall not be perfe&tly 
white, but fome faint anonymous Colour. For could 
never yet by mixing only two primary Colours produce 
a perfe white. Whether it may be compounded of a 
mixture of three taken at equal diftances in the circum- 
ference I do not know, but of four or five I do not much 
queftion but it may. But thefe are curiofities of little 
or no moment to the underftanding the Phenomena of 
nature. For rm all whites produced by nature, there 
ufes to be a mixture of all forts of. rays, and by confe- 
quence a compofition of all Colours. 

To give an inftance of this Rule ; fuppofe a Colour is 
compounded of thefe homogeneal Colours, of violet 
I part, of indico 1 part, of blue 2 parts, of green 3 parts, 
of yellow 5 parts, of orange 6 parts, and of red ro parts. 
Proportional to thefe parts I defcribe the Circles x, v, t, 
$, r 9, p refpetively, that is, fo that if the Mar i 

€ 
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be 1, the Circle v may bes, the Circle t 2, the Circle 
s 3, and the Circles r, qand p, 5, 6and 10. Then I 
find Z the common center of gravity of thefe Circles, 
and through Z drawing the line O Y, the point Y falls 
upon the circumference between E and P, fome thing 
nearer to E than to F, and thence | conclude, that the 
Colour compounded of thefe ingredients will be an 
orange, verging a little more to red than to yellow. 
Alfo I find that OZ 1s a little lefs than one half of 
OY, and thence I conclude, that this orange hath a 
little lefs than half the fulnefs or intenfenefs of an un- 
compounded orange ; that isto fay, that it is fuch an 
orange as may be made by mixing an homogeneal orange 
with a good white in the proportion of the line O Z to 
the line Z Y, this proportion being not of the quantities 
of mixed orange and white powders, but of the quan- 
tities of the lights reflected from them. 

This Rule I conceive accurate enough for practife, 
though not mathematically accurate ; and the truth of 
it may be fufficiently proved to fenfe, by ftopping any 
of the Colours at the Lens in the tenth Experiment of 
this Book. For the reft of the Colours which are not 
ftopped, but pafs on to the Focus of the Lens, will 
there compound either accurately or very nearly fuch. 
a Colour as by this Rule ought to refult from their 
mixture. 
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PROP. VIL OL BOR Vv 
All the Colours in the Umver]e which are made by Light, 
and depend not on the power of imagination, are 
either the Colours of bomogeneal Ligh tS, or coi po: ded 
f tbe[e and that eitber accui ately ov oe y nearly, ac- 
cording. to the Rule of the foregoing Problem. 


For it has been proved (in Prop.1. 76.2.) that the 
changes of Colours made by refractions do not arife 
from. any new modifications of the rays 1mpreft by thofe 


refractions, and by the various terminations of lig ght 


and thadow, as has been the conftant and general opi- 
nion of Philofophers. It has alfo been proved that the 
feveral Colours of the homogeneal rays do conftantly 
anfwer to their degrees of refrangibility, (Prop. 1.48.1 


and Prop.2. L;7.2.) and that their degrees of refrangi- 
bility cannot be changed. by refra&tions and reflexions, 
(Prop. 2. L16.1.) and by confequence that thofe their 
‘Colours are likewifeimmutable. It has alfo been pro- 
ved direétl y by refracting and re "letting homogeneal 
Lights apart, that their Colours cannot be changed, 
( Prop.2 2.-h416.2.) it has been proved alfo, that w hen 
the feveral forts of rays are mixed, and in crof fing pa 
through the fame fpace, they do not a& se one another 
fo as to change each others colorifick qualities, (Expe 
10. Lil.2.) but by mixing their actions in the Senfo- 
rium beget a fenfation diffe ering from what either “ane 
do apart, that is a fenfation of amean Colour between 
fbcir proper Colours ; and particularly when by the 
concourfe and mixtures of all forts of rays, a white 


Colour 
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Colour is produced, the white is 4 Im ixture of all the 

Colours which the rays would have apart, ( Pro op. 5. 

Lié.2. ) The ravs in that mixture do not lofe or alter 
: 


thei r feveral colorifick «qualities, but by all their various 
kii m of actions mixt in the Senforium, beget a fenfa- 
tion of a middling Colour between all their Colours 

f 1 between 


C eC 
which is whitenefs. Forw a itenefs 1s a mean 
| If indifferently to them all, fo 


is with equal facility to be tinged with any of them. 
A red Powder mixed with a little 


| "blue, or a blue with 

à little red, doth not pre (ently lofe 1ts Cok Our, but d 

white Powder mixed with any Colour is pre fent] ly tin- 
ed with that Colour,. and 1s equally capable of. be 


tinged with any Colour what-ever. It has been fhew: m 


alfo, that as the Sun's Light 1s ae xed of all forts of ray S, 


fo its whitenefs 1s a ibus of the Colours of all forts 
of rays ; thofe rays having from the beginning their fe- 


veral colorific quali ties as well as the Pain | réfrlrseà 
bilities, : ind retait ning them perpet male unchang'd not- 
it] ic refi FM ions or reti ex1ons is may at 


ON 


* 
3 
- 
ea 
[m 
C 
de: 
e 
e- 
—— 
C 
ms 
M 
as 
pete] 
ae 
— 
ym 
| nem 
ct 
eel 
end 
" 
~ 
e 
Pal 
~<a 
——- 
=) 
‘au 
me 
~ 
e 
< 
(05 
En 
P 
ce 
Lome 
ae) 
<< 
- d$ 
V 
^ 
et 
ms 
— 
ba 
lowe 
—" 
à. 
rr 
" 


Sun's rays 1s by.any means a 5 jello xion in E .Xper. 9 
and 10. Lid. [ or by.refraction as happens in all re- 
fractions ) feparated from the. reft, they then manifeft 
their: rope rColours. Thefe things have been proved, 


| | 
and the fum of all thi is amounts to the Propofition here 
to be proved. For if the Sun’s Light ts mixed of 1e- 
i each of which have originally their 


bilities and colorifick « qu ilities, and not- 
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tian 5 then all the Colours in the World muft be fuch as 
conftantly ought to arife from the original colorific qua- 
lities of the rays whereof the Lights confift by which 
thofe Colours are feen. And. therefore 1f the reafon of 


any Colour what-ever be required, we have nothing elle 
to do then to confider how the rays in theSun's Light 
have by reflexions or refra€tions, or other caufes been par- 
ted from one another,or mixed together ;or otherwite to 
find out what forts of rays are in the Light by which 
that Colour is made, and in what proportion; and 
then by the laft Problem to learn the Colour which 
ought to arife by mixing thofe rays (or their Colours) 
in that proportion. I fpeak here of Colours fo far as 
they arife from Light. For they appear fometimes by 
other caufes, as when by the power of phantafy we 
fee Colours ina Dream, or amad Man fees things before 
him which are not there ; or when we fee Fire by ftriking 
the Eye, or fee Colours like the Eye of a Peacock’s 
Feather, by preffing our Eyes in either corner whilft 
we look the other way. Where thefe and fuch like 
caufes interpofe not, the Colour always aníwers to 
the fort or forts of the rays whereof the Light confifts, 
as | have conftantly found in what-ever Phenomena of 
Colours I have hitherto been able toexamin. I fhallin 
the following Propofitions give inftances of this in the 
Phenomena of chiefeft note. 


PRO. 


"ROT VIDE IUBE TEE 


difeovered Properties of Light to explain the 


Colour; july A Prilms 


Let ABC reprefent a Priim refracting the Light of p. ip. 
the Sun, which comes into a dark C hanibe 3y through z : 
Hole F ? d Es broad as the Prifm, and let MN 
reprefent a white Paper on which the fefraded Light is 
cait, and [üpioft cc moft refrangible or deepeft violet 
making rays fall upon the {pace P 7, the leaft refran- 
sible or deepeft red- making rays upon the ipace T 7, 
the middle fort between the Indico- making aud blue- 
making rays upon the {pace Q y, the middle fort of the 
sreen-making rays upon the {pace Re, the middle fort 
betw een the yellow-making and orange-making rays 
upon the fpace So» and other intermediate forts upon 
intermediate fpaces. For fo the fpaces upon which the 
feveral forts adequately fall will by reafon of the ditfe- 
rent refrangibility of thofe forts be one lower than ano- 
ther. Now if the Paper MN be fo near the Prifm that the 
fpaces P T and 71 do not interfere with one another, the 
diftance between them T + will be illuminated by all 
the forts of rays in that proportion to one another which 
they have at their very firft coming out of the Prifin, 
and confequently be white. But the fpaces P’T and «7 
on either hand, will not be illuminated by them all, 
and therefore w Ala appear coloured. And eae 
at P, where the outmoft violet-making rays fall alone, 
the Colour muft be the deepeft violet. At Q where the 
violet-making and indico-making rays are mixed, i 

Q muft 
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muft be a violet inclining much to indico. At R where 
the violet-making , indico-making, blue-making, and 
one half of the green-making rays are mixed, their Co- 
lours muft (by the conftruction of the fecond Problem) 
compound a middle Colour between indico and blue. 
At S where all the rays are mixed except the red-ma- 
king and orange-making,their Colours ought by the fame 
Rule to compound - saint blue, verging more to green 
than indie. And in the progrefs from S to T , this blue 
will grow more and more faint and dilute, till at T, 
where all the Colours begin to be mixed , it end in 
whitenefs. 

So again, on the other fide ofthe white at T, where 
the leaft refrangibleor utmoft red-making rays are alone 

the Colour mutt be the deepeft red. At c the mixture 
of red and orange will compound a red inclining to 
orange. Ate the mixture of red, orange, yellow, and 
one half of the creen mutt compound a middle Colour 
between orange and yellow. At; the mixture of all 
Colours but violet and indico will compound a faint 
yellow, verging more to green than to orange. And 
this yellow will grow more faint and. dilute continually 
in its progrefs from y to +, where by a mixture of all 
forts of rays it will become white. 

Thefe Colours ought to appear were the Sun's Light 
perfectly white: But becaufe it inclines to yellow,the ex- 
cefs of the yellow-making grays whereby 'tis tinged with 
that Colour, being mixed with the faint blue between 
Sand T, will draw it to a faint green. And fo the 
Colours 1n order from P to T ought to be violet, indico, 
blue, very faint green, white, faint yellow, orange, red. 
Thus it is by the computation : And they that pleafe to 

view 
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view. the Colours made by a Prifm will find it fo in 
Nature. 

Thefe are the Colours on both fides the white when 
the Paper is held between the Prifm, and the point X 
where the Colours meet, and the interjacent white va- 
nifhes. For if the Paper be held ftill farther off from the 
Prifm, the moft refrangible and leaft refrangible rays 
will be wanting in the middle of the Light, and the reft 
of the rays which are found there, will by mixture pro- 
ducea fuller green than before. Alfo the yellow and 
blue will now become lefs compounded, and by con- 
fequence more intenfe than before. And this alfo 
agrees with experience. 

And if one look through a Prifm upon a white Objet 
encompaffed with blacknefs or darknefs, the reafon of 
the Colours arifing on the edges 1s much the fame, as 
will appear to one that fhalla little confider it. If a 
black Obje& be encompafied with a white one, the Co- 
lours which appear through the Prifm are to be derived 
from the Light of the white one, fpreading into the Re 
gions of the black, and therefore they appear in a con- 
trary order to that, in which they appear when a white 
Object is furrounded with black. And the fame is to 
be underftood when an Obje& is viewed, whofe parts 
are fome of them lefs luminous than others. For in the 
Borders of the more and lefs luminous parts, Colours 
ought always by the fame Principles to arife from the 
excefs of the Light of the more luminous, and to be of 
the fame kind as if the darker parts were black, but yet 
to be more faint and dilute. 


Q 2 What 
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What is faid of Colours made by Prifms. may be eafil y 
applied to Colours made by the Glaffes of Teléfisbed. 
or Microfcopes, or by the humours of the Eye. For if 
the Object-glafs of a Telefcope be thicker on one fide 
than on the other, or if one half of the Glafs, or one 
half of the Pupil of the Eye be covered with any opake 
fubftance: the Object-glafs, or that part of it or of the 
Eye which is not covered, may be confidered as a Wedge 
with crooked fides, and every Wedge of Glafs, or other 
pellucid fubftance, has the effe& of a Prifm in refra€ting 
the Light which paffes through it. 

How the Colours in the oth and 1oth Experiments 
of the firft Part arife from the different reflexibility of 
Light,is evident by what was there faid. But it is obfer- 
vable in the 9th Experiment, that whilft che Sun’s di- 
ret Light is yellow, the excefS of the blue-making 
rays in the refle&ed Beam of Light MN, füffices only 
to bring that yellow to a pale white inclining to blue, 
and not to tinge it with a manifeftly blue Colour. “To 
obtain therefore a better blue, I ufed inftead of the yel- 
low Light of the Sun the white Light of the Clouds, by 
varying a little the Experiment as follows. 


EXPER. XVI. 


. Let HFG reprefent a Prifm in the open Air, and S 
the Eye of theSpe&tator, viewing the Clouds by their 
Light coming into the Prifm at the plane fide FIG K, 
and reflected in it by its bale H EI G, and thence going 
out through its plain fide HEFK to the Eye. And 
when the Prifm and Eye are conveniently placed, fo 
that the Angles of incidence and reflexion at the bafe 
may 
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may be about 40 degrees, the Spectator will fee a Bow 
M N of a blue Colour, running from one end of the 
bafe to the other, w ith the concave fide towards him, 
and the part of the bafe IM N G beyond this Bow will 
be brighter than the other part E MNH on the other 
ib of it. This blue Colour MN being made by no- 
thing elfe than by reflexion of a fpecular fuperficies, 
feems fo ae a Phenomenon, and fo unaccountable for 
by the vulgar Hypothefis of Philofophers, that I could 
not but dhink it deferved to be taken notice of. Now 
for underftanding the reafon of it, fuppofe the plane 
A BC to cut the plane fides and bafe of the Prifm | per- 
pendicularly. From the Eye to the line BC, wherein that 
plane cuts the bafe, draw the lines Sp and S t, in the 
Angles Spc 50 degr. 5, and Stc 49 degr. 5, and the 
point p will be the limit beyond which none of the moft 
refrangible rays can pafs through the bafe of thePrifm, 
and be refi fracted, whote incidence 1s fuch that they may 
be reflected to the Eye; andthe point t will be the like 
limit for the leaft refrangible 1 rays, that 1s, beyond 
which none of them can país through the bafe, whofe 
cence is fuch that by reflexion they may some to the 
Eye. And the pointr taken in the middle way between 
p and t, will be the like limit for the meanly refrangible 
rays. And therefore all the refrangible rays which. fall 
upon the bafe beyond t, that is, between t and B, and 
cin come from thence id the Eye will be ref fleéted thi- 
ther: But on this fide t, that 1s, between t and. c, many 
of thefe rays will be tranfmitted through the bafe. 
And all the moft refrangible rays which fall upon the 
bafe beyond p, that is, between p and B, and can by 
reflexion come from thence to the Eye, will be reflected 
thither, 
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thither, but every where between t and c, many of 
thefe rays will get through the bafe and be refracted ; 
and the fame is to be underftood of the meanly refr: "My 
gible rays on either fide ofthe point r. W hence it fol 
lows, that the bafe of the Prifm muft A ery where be- 
tween t and B, bya total reflexion of all forts of rays to 
the Eye, look white and bright. And every w here 
between ? and C, by reaton ofthe tranfmiffion of m: i 
rays of every fort, look more pale, obfcure and dark 
Butat r, and in other places between p and t, w here 
all the more refrangible rays are reflected to the Kye, 
and many of the lefs refrangible are trantmitted, the 
excels of the moft refrangible i in the reflected Light will 
tinge that Light with their Colour, which is v ible and 
blue. And this happens by taking the line CprtB any 
where between the ends of the Prifn H G and E I. 


DEDOPTAX RJ OD. Ty 


By the difcovered Properties of Laght to explain the 
Colours of the Psa Boe: 


This Bow never appears but where it Rains in the 
Sun-fhine, and may be made artificially by {pouting up 
Water which may break aloft, and fcatter into Drops, 
and fall down like Rain. For the Sun fhining upon thele 
Drops certainly caufes the Bow to appear to a Specta- 
tor ftanding in a due pofition to the Rain andSun. And 
hence it 15 now agreed upon, that this Bow is made by 
refraction of the Sun’s Light in Drops of falling Rain. 
This was underftood by fome of the Ancients, ‘and of 
late more fully difcovered and explained by the Famous 


"Antonius 
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Antonius de «Dominis Archbifhop of Spzlato, in his Book 
De Radus Vifus (9 Lucis, publifhed by his Friend Bar- 
tolus at Venice, in the Year 1611, and written above 
twenty Years before. For he teaches there how the 
interior Bow is made in round Drops of Rain by twa 
refractions of the Sun’s Light, and one reflexion be- 
tween them, and the exterior by two refractions and 
two forts of reflexions between them in each Drop of 
Water, and proves his Explications by Experiments 
made witha Phial full of Water,and with Globes of Glafs 
filled with Water, and placed in the Sun to make the 
Colours of the two Bows appear in them. The fame 
Explication Des-Cartes hath purfued in his Meteors, 
and mended that of the exterior Bow. But whilft they 
underftood not the true origin of Colours, it’s neceflary 
to purfue it here a little further. For underftanding 
therefore how the Bow is made, let a Drop of Rain or 
any other fpherical tran{parent Body be reprefented by 
the Sphere BN FG, defcribed with the Center C, and 
Semi-diameter CN. And let AN be one of the Sun’s 
rays incident upon it at N, and thence refracted to F, 
where let it either go out of the Sphere by refraction to- 
wards V, or be reflected to G ; and at G let it either go 
out by refraction to R, or be retleéted to H ; and at H 
let it go out by refraction towards S, cutting the inci- 
dent ray in Y ; produce AN and RG, till they meet in 
X, and upon A X and NF let fall the perpendiculars 
CD and CE, and produce CD till it fall upon the cir- 
cumference at L. Parallel to the incident ray A N draw 
the Diameter BQ, and let the fine of incidence out of 
Air into Water be to the fine of refra&ion as | to 


R. Now if you fuppofe the point of incidence N to 
move 
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move from the point B, continually till it come to L, 
the Arch QF will firft increafe and then decreafe, and 
fo will the Angle AXR which the rays AN and GR 
contain; and the Arch QF dnd Angle AX R will be 
biggeft when ND is to CN as // I-RR to //3 RR, 
in which cafe NE will beto NDasaR tol. Altothe 
Angle A YS which the rays A N and HS contain will 
ürft decreafe, and then increafe and grow leaft when 
ND is to CN as “TERR to//8 RR, in which cafe 
NE will be to N Das 3 R tol. And fo the Angle which 
the next emergent ray (that is, the emergent ray after 
three reflexions ) contains with the incident ray AN 
will come to its limit when ND is to CN as + 11-RR to 
A15 RR, in which cafe N E will be to N D as 4 R tol, 
and the Angle which the ray next after that emergent, 
that is, the ray emergent after four reflexions, con- 
tains with the incident will come to its limit, when 
ND is toC Nas / I-RR to #24 RR, in which cafe 
NE will be to ND as 5R tol; and fo on infinitely, 
the numbers 3, 8, 15, 24, Sc. being gathered by conti. 
nualaddition of the terms of the arithmetical progreffion 
33597394 9c: The truth of all this Mathematicians will 
eafily examine. 

Now it is to be obferved, that as when theSun comes 
to his Tropicks, days increafe and decreafe buta very 
little for a great while together ; fo when by increafing 
the diftance CD, thefe Angles come to their limits, 
they vary their quantity but very little for fome time 
together, and therefore a far greater number of the rays 
which fall upon all the points N 1n the Quadrant 
BL, fhall emerge in the limits of thefe Angles, 
then in any other inclinations. — And further it is 

to 
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to beobferved, that the rays which differ in refrangi- 
bility will have different limits of their Angles of emer- 
gence, and by confequence according to their different 
degrees of refrangibility emerge moft copioufly in dif- 
ferent Angles, and being feparated from one another 
appear each in their proper Colours. And what thofe 
Angles are may be eafily gathered from the foregoing 
I he corem by computation. 

‘in the leaft refrangible rays the fines I and R (as 

und above ) are 108 and 81, and thence b 

tation the greateft Angle AXR will be found 

ETERS Iu minutes, and the leaft Angle AYS, 

7 minutes. And in the moft refrangible 

es us and R are 109 and $1, and thence by 

ie sreateft Angle art will be found 

ae 17 minutes, and the leaft Angle AY S 

or ees and 7 minutes. 
ms now that Ois the Spectator’s Eye,andOPa line Fig. 1 

drawn p yarallel to the Sun’s rays, and let POE, POF, 
POG, ‘POH, be Angles of 40 degr. 17 min. 42 degr. 
2 min. 5o degr. 57 min. and 54 degr. 7 min. refpectively, 
and thefe Angles turned about their common fide O P, 
fhall with their other fides Qb, OH oO00 QTIT- dd 
em cribe the verges of two Rain- bows AFBE and 
CHDG. Borat (E; Bn, Ii, be Ds rops p laced any 
where in the conical f iperficies c defcribed by OE, OF, 
OG, OH, and be illuminated by the Sun’s rays SE, 
SF, SG, SH ; the Angle SEO being equal to the 
Angle POE or 40 degr. 17 min. fhall be the greateft 
Angle in which the moft refrangible rays can after one 
reflexion be refraéted to the Eye, and therefore all the 
Drops in the line O E fhall fend the moft refrangible 
R rays 


dt 

rays moft copioufly to the Eye, and thereby ftrike the 
fenfes with the deepeft violet Colour in that region. 
And in like manner the Angle SFO being equal to 
the Angle P OF, or 42 deg. 2 min. fhall be the greateft 
in which the leaft refrangible rays after one reflexion 
can emerge out of the Drops, and therefore thofe rays 
fhall come moft copioufly to the Eye from the Drops in 
the line O F, and ftrike the fenfes with the deepett red 
Colour in that region. And by the fame- argument, 
the rays which have intermediate degrees of. refrangibi- 
lity fhall come moft copioufly from Drops between 
E and F, and ftrike the fenfes with the intermediate 
Colours 1n the order which their degrees of refrangibi- 
lity require, that is, in the progrefs from E to F, or 
from the infide of the Bow to the outfide in this order, 
violet, indico, blue, green, yellow,orange, red. But the 
violet, by the mixture of the white Light of the Clouds, 
will appear faint and incline to purple. 

Again, the Angle S G O being equal to Angle POG, 
or 50 gr. 51 min. fhall be the leaft Angle in which the 
leaft refrangible rays can after two reflexions emerge out 
of the Drops,and therefore the leaft refrangible rays thal! 
come moft copioufly to the Eye from the Drops in the 
line OG, and ftrike the fenfe with the deepeft red. in 
that region. And the Angle SHO being equal to the 
Angle POH or 54 gr. 7 min. fhall be the leaft Angle in 
which the moft refrangible rays after two reflections can 
emerge out of the Drops, and therefore thofe rays fhall 
come moft copioufly to the Eye from the Drops in the 
line OH, and ftrike the fenfes with the deepett violet in 
that region. And by the fame argument, the Drops in 
the regions between G and H fhall ftrike the fenfe with 

the 
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the intermediate Colours inthe order which their de- 
erees of refrangibility require, that is, in the progrefs 
from G to H, or from the infide of the Bow to the out- 
fide in this order, red, orange, yellow, green, blue, in- 
dico, violet. And fince thefe four lines OE, OF, OG. 
O H, may be fituated any where in the above-mentioned 
conical fuperficies, what is faid of the Drops and Co- 
lours in theíe lines is to be underftood of the Drops 
and Colours every where in thofe fuperficies. 

Thus fhall there be made two Bows of Colours, an 
interior and ftronger, by one reflexion in the Drops, 
and an exterior and fainter by two ; for the Light be- 
comes fainter by every reflexion. And their Colours 
{hall ly in a contrary order to one another, the red of 
both Bows bordering upon the {pace GF which is be- 
tween the Bows. The breadth of the interior Bow 
EOF meafured crofs the Colours fhall be 1 degr. 45 min. 
and the breadth of the exterior GOH fhall be 
degr. 1o min. and the diftance between them GO FP 
{hall be 8gr. $5 min. the greateft Semi-diameter of the 
innermoft, that is, the Angle POF being 42 gr. 2 min. 
and the leaftSemi-diameter of the outermott P.O G, be- 
ing so gr. 57min. Thefe are the meafures of the Bows, 
as they would be were the Sun but a point; for by the 
breadth of his Body the breadth of the Bows will be in- 
creafed and their diftance decreafed by half a degree, 
and fo the breadth of the interior Iris will.be 2 degr. 
rs min. that of the exterior 3 degr. 40 min. their di- 
ftance 8 degr. 25 min. the greateft Semi-diameter of the 
interior Bow 42degr. 17min. and the leaft of the ex- 
terior so degr. 42 min. And fuch are the dumenfions 
ofthe Bows in the Heavens found to be very nearly, 

K 2 when 
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when their Colours appear ftrong and perfect. For 
once, by fuch means as I then had, I meafured the 
greateft Semi-diameter of the interior Iris about 42 de. 
grees, the breadth of the red, yellow and green in that 
Iris 63 or 64 minutes, befides the outmoft faint red ob. 
fcured by brightnefs of the Clouds, for which we 
may allow 3 or 4 minutes more. The breadth of the 
blue was about 4o minutes more befides the violet, 
which was fo much obfcured by the brightnefs of the 
Clouds, that | could not meature its breadth. But 
fuppofing the breadth of the blue and violet together 
to equal that of the red, yellow and green together, the 
whole breadth of this Iris will be about 2: degrees as 
above. The leaft diftance between this Iris and the ex- 
terior Iris was about 8 degrees and 30 minutes. The ex- 
terior Iris was broader than the interior, but fo faint, 
efpecially on the blue fide, that I could not meatfure its 
breadth diftin&ly. At another time when both Bows 
appeared more diftinét, | meafured the breadth of the 
interior Iris 2 gr. 10’, and the breadth of the red, yel- 
low and green in the exterior Iris, was to the breadth 
of the fame Colours in the interior as 3 to 2. 

This Explication of the Rain-bow is yet further con- 
firmed by the known Experiment ( made by Antonius 
de Dominis and Des-Cartes) of hanging up any where 
in the Sun-fhine a Glifs-Globe filled with Water, and 
viewing it in fuch a pofture that the rays which come 
from the Globe to the Eye may contain with the Sun's 


rays an Angle of either 42 or 50degrees. For if the 


Angle be about 42 or 43 degrees, the Spectator ( fup- 
pofe at O) fhall fee a full red Colour in that fide of the 
Globe oppofed to the Sun as ’tis reprefented at F, and 

| if 
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if that Angle become lefs ( fuppofe by depreffing the 
Globeto E) there will appear other Colours, yellow, 
green and blue fuccefhvely in the fame fide of the Globe. 
But if the Angle be made about 50 degrees (fuppofe by 
lifting up theGlobe to G)there will appear a red Colour 
in that fide of the Globe towards the Sun, and if the 
Angle be made greater (fuppote by lifting up the Globe 
to H) the red will turn fucceffively to the other Colours 
yellow, green and blue. [he fame thing I have tried by 
letting a Globe reft, and raifing or depreffing the Eye, 
or otherwife moving it to make the Angle of a juft 
magnitude. 
| have heard it reprefented, that if the Light of a 
Candle be refracted by a Prifm to the Eye ; when the 
blue Colour falls upon the Eye the Spectator fhall fee 
red in the Prifm, and when the red falls upon the Eye 
he fhall fee blue ; and if this were certain, the Colours 
of the Globeand Rain-bow ought to appear ina con- 
trary order to what we find. But the Colours of the 
Candle being very faint, the miftake feems to arife from 
the difficulty of difcerning what Colours fall on the 
Eye. For, on thecontrary, | have fometimes had oc- 
cafion to obferve in the Sun’s Light refra&ted by a Prifm, 
that the Spectator always fees that Colour in the Prifm 
which falls upon his Eye. And the fame I have found 
true alfo in Candle-Light. For when the Prifm is mo- 
ved {lowly from the line which is drawn direétly from the 
Candle to the Eye,the red appears firft in the Prifm and 
then the blue, and therefore each of them 1s feen when 
it falls upon the Eye. For the red pafles over the Eye 
firft, and then the blue. 
The 
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The Light which comes through Drops of Rain by 
two refractions without any reflexion, ought to appear 
ftrongeft at the diftance of about 26 degrees from the 
Sun, and to decay gradually both ways as the diftance 
from him increafes and decreafes. And the fame is to 
be underftood of Light tranfmitted through fpherical 
Hail-ftones. And if the Hail be a little flatted, as it 
often is, the Light tranfmitted may grow fo ftrong at 
a little lefs diftance than that of 26 degrees, as to form 
a Halo about the Sun or Moon ; which Halo, as often 
as the Hail-ftones are duly figured may be coloured, 
and then it muft be red within by the leaft refrangible 
rays,and blue without by the moft refrangible ones,efpe- 
cially if the Hail-ftones have opake Globules of Snow in 
their center tointercept the Light within the Halo (as 
Hugenius has obferved) and make the infide thereof more 
diftin&ly defined than it would otherwife be. For 
fuch Hail-ftones, though fpherical, by terminating the 
Light by the Snow, may make a Halored within and 
colourlefs without, and darker in the red than with- 
out, as Halos ufe to be. For ofthofe rays which pafs 
clofe by the Snow the rubriferm will be leaft refracted, 
and fo come to the Eye in the direéteft lines. 

The Light which paffes through a Drop of rain after 
two refractions, and three or more reflexions, is fcarce 
ftrong enough to caufe a fenfible Bow ; but in thofeCy- 
linders'of Ice by which fiugeniis ‘explains the fParbelis, 
it may perhaps be fentible. 
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PROP. A: PR OS. X. 


By the difcovered Properties of Light to explaim the per- 
manent Colours of natural Bodies. 


Thefe Colours arife from hence, that fome natural 
Bodies reflect fome forts of rays, others other forts more 
coptoully than the reft. Minium reflects the leaft re- 
frangible or red-making rays moft coptoufly, and thence 
appears red. Violets reflect the moft refrangible, moft 
copioufly, and thence have their Colour, and fo of other 
Bodies. Every Body reflects the rays of its own Colour 
more copioufly than the reft, and. from their excefs and 
predominance in the retle&ed Light has its Colour. 


EXPER. XVIE 


For if the homogeneal Lights obtained by the folu- 
tion of the Problem propofed in the 4th Propofition of 
the firft Book. you place Bodies of feveral Colours, you 
will find, as I have done, that every Body looks moft 
fplendid and luminous in the Light of its own Colour. 
Cinnaber in the homogeneal red Light is moft refplen- 
dent, inthe green Light it 1s manifeftly lets re{plen- 
dent, and in the blue Light ftill Jefs. Indico in the 
violet blue Light is moft refplendent, and its fplendor 
s gradually diminifhed as it is removed thence by de- 
crees through. the green and yellow Light to. the red. 
By a Leek the green Light, and next that the blue and 


vellow which compound green, are more ftrongly re- 
flected 
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flected than the other Colours red and violetjand fo of the 
reft. But to make thefe Experiments the more manifeft 
fuch Bodies ought to be chofen as have the fulleft and 
moít vivid Colours, and two of thofe Bodies are to be 
compared together. ‘Thus, for inftance, if Cinnaber 
and wltra marine blue, or fome other full blue be 
held together in the A M Light, the ey wi ill both 
appear red, but the Cinnaber will appear of a ftrongly 
luminous and refplendent red, and the utra marine 
blue of a faint obícure and dark red ; and if they be 
held together in the blue homogeneal Light they will 
both appear blue, but the wtra marine will a appear of 
a ftrongly luminous and refplendent blue, and the 
n aber of a faint and dark blue. Which puts it out 

difpute, that the Cinnaber refleds the red Light 
dam ore copiou fly than the tra marine doth, and 
the wira marine reflects the blue Light much more co- 
pioufly than the Cinnaber doth. The fame Experiment 
may be tryed fuccesfully with red Lead and Indico, or 
with any other two coloured Bodies, if due allowance 
be made for the different ftrength or weaknefs of their 
Coleur and I Aght. 

And as the reafon óf the Colours of natural Bodies is 
evident by thefe Experimenrs, fo it 1s further confirmed 
and put paft difpute by the two firft Experiments of the 
hrft Book, whereby 'twas proved in fuch Bodies that 
the refle Sted Light which differ in Colours do differ alfo 
in degrees of refrangibility. For thence it’s certain, 
that fome Bodies refle& the more refrangible, others 
the lefs refrangible rays more copioufly. 
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And that this is not only a true reafon of thefe Co- 
lours, but even the only reafon may appear further 
from this confideration, that the Colour of homogeneal 
Light cannot be changed by the reflexion of natural 
Bodies. 

For 1f Bodies by reflexion cannot in the leaft change 
the Colour of any one fort of rays, they cannot appear 
coloured by any other means than by reflecting thofe 
which either are of their own Colour, or which by 
mixture muft produce it. 

But in trying Experiments of this kind care muft be 
had that the : Light be fufficiently homogeneal. For if 
Bodies be illuminated by the ordinary prifmatick Co- 
lours, they will appear neither of their own day-light 


Colours, nor of the Colour of the Light caft on them, 


but of ione mid n Colour between both, as I have 
found by Experience. Thus red Lead ( for inftance ) 


illuminated with BA ordinary prifmatick. green will 
not appear either red or green, but orange or yellow, 
or between yellow and green accordingly, as the green 
Light by which "tis illuminated is more or lefs com- 
pounded. For becaufe red Lead appears red when il- 
p dit with white Light, wherein all forts of rays 

e equally mixed, and in the green Light all forts of 
rays are not equally mixed, the excefs of the yellow- 
making, green-making and blue-making rays in the 


» 
incident green Light, "will caufe thofe rays to abound 
fo much in the refle&ed Light as to draw the Colour 
from red towards their Colour. And becaufe the red 
i.ead refleds the red-making rays moft « copiou fly in 
proportion to their number, and next after them the 
orange-making and yellow-making rays ; thefe rays in 
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the reflected Light will be more in proportion to the 
Light than fe were in the incident green Light, and 
thereby will draw the reflected L ight from green to- 
wardstheir Colour. And therefore the red Lead will ap- 
pear neither red nor green,but ofa Colour between both. 
In tranfparently coloured Liquors 'tis obfervable 

that their Colour ufes to vary with their thicknefs. 
Thus, for inftance, a red vals in a conical Glafs 
held between the Light and the Eye, looks of a pale 
and dilute yellow at the bottom where ’tis thin, and a 
little higher where ’tis thicker grows orange,and where 
tis ftill thicker becomes red, and where ’tis thickeft 
the red 1s deepeft and darkeft. For it 1s to be conceived 
that fuch a Liquor ftops the indico-making and violet- 
making rays moft eafily, the blue. making rays more 
difficultly, the green-making rays ftill more difficultly, 
and the red- making moft difficultly : And that if the 
thicknefs of the Liquor be only fo much as fuffices to 
ftopa competent number of the violet-making and in- 
dico-making rays, without diminifhing much the num- 
ber ofthe reft, the reft muft t by Prop. 6. L42.2.) com- 
pound: a pale yellow. But if the Liquor be fo much 
thicker as to ftop alfoa great number of the blue-making 
rays, and fome of the green-making, the reft muft com- 
pound an orange ; and where it is fo thick as to ftop 
alfoa great number of the green-making and a confi- 
derable number of the yellow-making, the reft muft 
begin to compound a red, and this red muft grow deeper 
and darker as the yellow making and orange-making 
rays are more and more ftopt by increafing the thick- 
nefs of the Liquor, fo that few rays befides the red- 
making can get through. 


Of 
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Of this kind 15 an Experiment] litely rclated to me bv 
Mr. Halle V5 W ho, in diving deep into t Le ea, found 
in à Clear Sun- fine day, that when he w as fu i many 
Fathoms deep into de Water, the upper part of 1 is 
Hand in which the Sun fhone direétly through the 
Water looked of a red C s. and the under part of 
his Hand illuminated by Light ref ected from the Water 
below looked creen. For iuto it may be g athered, 
that the Sea-water refleéts back the violet and blue- 
mak ing rays moft eafily, and lets the red-makin 9 rays 

fs moft freely and copiouily to great depths. For 
thereby the Sun's direct Light at ail areas depths, by 
reafon of the predominating red-making rays, mult 
appear red; and the greater the depth is, the fulle: 
and intenfer muft that red be. And at fuch depths as 
the violet-making rays fcarce penetrate unto, the blue- 
making, green. making : ind yello w-making rays being 
reflected from below more copioully t than the red-m aking 
ones, muft compound a green. 

Now if there be two Liquors of full Colours, fup- 
pole a red and a blue, and both of them fo thick as 
fuffices to make their Colours 1 pis ied full ; though 
either Liquor be fufhciently tranfparent apart, yet 
will Miis St be able to fee through both together. For 
if only the nidis rays pals through one Liquor, 
and only the blue- making t through the other, no rays 

can pafs through both. “This Mr. Hook tried cafually 
with Glafs-wedges filled with red and blue Liquors, 
and was furprized at the unexpected event, the reafon 
of it being then unknown ; which makes me truft the 
more to his Experiment, though | have not tryed it 
my felf. But he that would repeat it, muft take care 
the Liquors be of very good and full Colours. 

oo Now 
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Now whilft Bodies become coloured by refleGting or 
tranfmitting this or that fort of rays more dM fly than 
the reft, it is to be conceived that they ftop and 1 ftifle in 
themfelves the rays which tl Pi do not reflect or tranfiit. 
For if Gold be foliated and held between your Eye and 
the Light, the Light looks blue, and therefore maffy Gold 
lets into its Body the blue-making rays to. be reflected 
to and fro within it till they be ftopt and ftrfled, whilft 
it reflets the yeliow-making outwards, and thereby 
looks yellow. "M much after the fame manner that 
eaf-gold is yellow by reflected, and blue by trantinit- 
ted Light, and maffy Gold is yellow in all pofitions of 
the Eye; there are fome Liquors as the tincture of 
Lignum Nepbriticum, and {ome forts of Glafs which 
tranfmit one fort of Light moft copioufly, and reflect 
another fort, and thereby look of feveral Colours, ac- 
cording to the pofition of the Eye to the Light. But if 
thefe Liquors or Glaffes were fo thick and mafly that 
no Light could get through them, | queftion not but 
that they would ‘like all other opake Bodies appear of 

one and the fame Colour in all pofitions of the Eye, 
though this! cannot yet afhrm by experience. For al i 
coloured Bodies, fo farasn Yy Obfervation reaches, may 
be feen through if made fufficiently thin, and therefore 

are in fome meafure tranfparent, and ditter only j jn. de- 
ns of tranfparency from ti pe tranfparent Liquors; 
thefe Liquors, as well as thofe Bodies, by a fufhcient 
thicknefs becoming, opake. A tranfparent Body which 
looks of any Colour by trantm nitted Light, may alfo 
look of the fame Colour by reflected Light, the Li ight 
of that Colour being retlected by the cis? furface of 
the Body, or by the Air beyond it. And, thenthe re- 
fle&ted Colour will be diminifhed, and perhaps. ceafe, by 
making. 
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making the Body very thick, and pitching it on the 
back- fi de to diminifh the reflexion of its further furface, 
fo that the Light reflected from the tinging par rticles 
may predominate. In fuch cafes, the Coleus: of the re- 
flected Light will be apt to vary from that of the | Light 
traním itted. But whence it is ‘th at tinged Bodies ai 4 
Liquors reflect fome fort of rays, and intromit or tranf 


mit other forts, fhall be faid 1n the next Book. In this | 


Propofition I une my felf to have put it paft t difpute, 
that Bodies have fuch Proj oerties, and thence appear 
coloured. 
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By mixing coloured Lights to compound a Beam of Lio bt. 
of the fame Colour sand Nature with a Beam of the Sun’s 
direct gbt, and tberein to experience the truth of the 


fo C201 10 3p, opofitions. 


Let A B Cabc reprefent a Prifm by which the Sun’s 
Light let intoa dark Chamber through the Hole F, may 
E refracted towards the Lens MN, and paint upon it 
at p Gy Ts and t, the ufual Colours v iolet, blue, green, 
yellow and red, and let the div erging rays by ‘the re- 
traction of this Lens converge again 1 towards X, and 
thereby the mixture of all thofe their Colours compound 
a white according to what wasfhewn above. "Then let 
another Prifm DEGdeg, parallel to the former, be 
placed at at X, to refract that white Light upwards to- 
wards Y. Let the refracting Angles of the Prifms, 
and their diftances from the Lens be equal, fo that the 
rays which converged from the Lens towards X, and 
W ithout refraction, wou e the re iA crofled and diver- 
sed again, may by the refraction of the fecond Prifm be 
reduced 
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reduced into Parallelifm and diverge no more. Fo: 
then thofe rays will recompote a Beam of white Light 
XY. If the refracting Angle of either Prifm be th 
bigger, that Prifm muft be fo much the ne arer to the 
Lens. You will know when the Prifi ns and t he Lens 
are well fet together by obferving if the Beam of I Acht 
X Y which comes out of the x Prifm be perfectly 
W hite to the ug edges of the L Aght, and at all difi tan- 
ces from the Prifm contanie perfectly and totally white 
like a Beam of the Sun’s Light. For till this h lappens, 
the pofition of the Prifms and Lens to one another muft 
be corrected, and then if by the help of a long Beam of 
Wood, as 1s reprefented 1n the Figure, or by a Tube, 
or ome other fuch inftrument made for that purpol e, 
they be made faft in that fituation, you may try all the 
fame Experiments in this compounded Beam of Light 
XY, which in the foregoing Experiments have been 
EN in the Sun's direct Light. For this compoun ded 
Beam of Light has the fime: appearance, and 1s endowed 
with all the fame Properties with a dire&t Beam of the 
Sun’s Light, fo faras my Obfervation reaches. And in 
trying Experiments i in this Beam you may by ftopping 
any of the Colours p» 4,1, sand t at the Lens, fee how 

the Colours produced in the Ke are no other 
th ian thofe which the rays had at the Lens before they 
entered the compofition of this Beam: And by confe. 
quence that tl 1€y arife not from any new QE utis 
of the Light by refractions and reflexions, but from the 
Various feparations and mixtures of the rays originally 
endowed with their colour- making qualities. 

So, for inftance, having with a Lens 4. Inches broad, 
and two Prifms on either Hand 6: Feet diftant from the 
Lens, made fuch a Beam of compounded Light : to 


examin 
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examin the reafon of the Colours made by Pritms, 1 
refra&ed this compounded Beam of Light XY with 
another Prifm H IK kh, and thereby caft the utual prit 
matick Colours PQR S T upon the Paper LV placed | 
hind. And then by ftopping any of the Colours p,q, 
r, s, t, at the Lens, I found that the fame Colour woüld 
vanifh at the Paper. So if the purple P was ftopped at 
the Lens, the purple P upon the Paper would vaniíh, 
and the reft of the Colours would remain unaltered, 
unlefs perhaps the blue, fo far as fome purple latent in. 
it at the Lens might be feparated from it by the fol- 
lowing refra€tions. And {fo by intercepting the green 
upon the Lens, the green R upon the Paper would va- 
nifh, and fo of the reft ; which plainly fhews, that as 
the white Beam of Light X Y was compounded of fe- 

ve Lights varioufly coloured at the Lens, fo the Co- 
lours which afterwards emerge out of it by new refra- 
Stions are no other than thofe of which its whitenefs 
was compounded. The refraction of the Prifm HIK 
kh generates the Colours PORST upon the Paper, 
not by changing the colorific qualities of the rays, but 
by feparating the rays which had the very fame colorific 
qualities before they entered the compofition of the re- 
fracted Beam white of Light XY. For otherwife the rays. 
which were of one Colour at the Lens might be of ano- 
ther upon the Paper, contrary to what we find. 

So again, to examin the reafon of the Colours of na- 
tural Bodies, I placed fuch Bodies in the Beam of Light. 
X Y, and found that they all appeared there of thofe 
their own Colours which they have in Day-light, and: 
that thofe Colours depend upon the rays which. had the: 


fame Colours at the Lens before they entred the compo- 
fitiona 
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fition of that Beam. Thus, for inftance, Cinnaber illumi- 
nated by this Beam appears of the fame red Colour as In 
Day-light ; and if at thedLens you intercept the green- 
making and blue E rays, its rednefs will become 
inote full and liv y : but if you there intercept the red- 
making rays, it wil not any longer appear red, but be- 
come yel llow or creen, or of fome other Colour, accor- 
ding to the forts of rays which you do not intercept. 
So Gold in this Light X Y appears of the fame yellow 
Colour as in Day-light, but by intercepting at the Lens a 
due quantity of the yellow-making rays it will appear 
white like Silver (as | have tryed) w hich fhews that its 
yellownefs arifes from the excefs of the intercepted rays 
tinging that whitenefs with their Colour when they are 
let ‘pals. So the infufion of Lagnum Nepbriticum (as | 
have alfo tryed) when held in this Beam of Light X Y, 
looks blue by the reflected part of the Light, and yellow 
by the tranfinitted part of it, as when 'tis viewed in Day- 
light, but if you intercept the blue at the Lens the infu- 
fion Will lofe its refle&ted blue Colour, whilft its tranf: 
mitted red remains perfect and by the lofs of fome blue- 
making rays wherewith 1t was allayed becomes morein- 
tenfeand full. And,onthe contrary, if the red and orange- 
making rays be int tercepted at Lens, the infufion oM 
lofe its S trarifinittéd red, whilft its blue will remain and 
become more full and perfeét. Which fhews, that the in- 
fuhon does not tinge the rays with blue and yellow, but 
only tranfmit thofe moft copioutly which were red-ma- 
king before, and reflects thofe moft copioufly which were 
blue- making before. And after the fame manner may the 
reafons of other Phenomena be examined, by trying 
them in this-artificial Beam of Light X Y. 
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Odfer vations concerning the Reflexions, Refractions, and 
Colours of thin tran| parent Bodies. 


Sybdn ied, as Glafs, lid Air, i%c. when made 


ES. has been obferved by others that tranfparent 


very thin by being blown int " Bubbles, or otherwife 
formed into P lates, do abes various Colours accor- 
ding to their various thinnefs, although ata greater 
thicknefs th y appear very clear and colourlefs. In 
the former Book | forbore to treat of thefe Colours, 
becaufe they feemed of a more difficult confideration, 
not neceffary for eftablifhing the Properties 

t there difcourfed of. But becaufe they may 
conduce to further difcoveries for completing the 
Theory of Light, efpecially as to the conftitution. of 
the parts of natural Bodies, on which their Colours or 
T res depend ; | have here fet down an ac- 
count of them. To render this Difcourfe fhort and 
diftinét, I have firft defcribed the principal of my 
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Obfervations, and then confidered and made ufe of 
them. The Obfervations are thefe. 


DESI 


Compreffing two Prifms hard together that their 
Sides (which by chance were a very little convex )might 
fomewhere. touch one another: | found the place in 
which they touched to become abfolutely tranfparent, 
asif-they had: there been one continued: piece of Glafs. 
For when the Light fell fo obliquely on the Air, which 
in other places was between them,as to be all reflected ; 
it feemed in that place of contact to be wholly trant- 
mitted, infomuch that when looked upon, it appeared 
like a black or dark Spot, by reafon that little or no 
fenfible Light was reflected from thence, as from other 

laces ; and: when looked through it feemed (as 1t were) 
a hole in that Air which was formed into a thin Plate, 
by being compreffed between the Glaffes. And through 
this hole Objects that were beyond might be feen di- 
ftin&ly, which could not at all be feen through other 
parts of the Glaffes where the Air was interjacent. Al- 
though the Glaffes were a little convex, yet this tranf- 
parent Spot was of a confiderable breadth, which breadth 
feemed principally to proceed from the yielding inwards 
of the parts of the Glafles, by reafon of their mutual 
preffure. For by prefling them very hard together it 
would become much broader than otherwife. 
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When the Plate of Air, by turning the Prifms about 
their common Axis, beca me fo little inclined to the in- 
cident Rays, that fome of them began to be tranfmit- 
ted, there arofe in it many flender Arcs of Colours 
which at firft were fhaped almoft like the Conchoid, 
as you fee them delineated in the firft Figure. And Fe 
by continuing the motion of the Prifms, thefe Arcs in- 
creafed and bended more and more about the faid tranf- 
parent Spot, till they were completed into Circles or 
Rings incompaffing it, and afterwards continually grew 
more and more contracted. 

Thefe Arcs at their firft appearance were of a violet 
and blue Colour, and between them were white Arcs 
of Circles, which prefently by continuing the motion of 

the Prifms became a little tinged in their inward Limbs 
with red and yellow, and to their outward Limbs the 
blue was adjacent. So that the order of thefe Colours 
from the central dark Spot, was at that time white, 
blue, violet ; black ; red, orange, yellow, white, blue 
violet, Se. “But the yellow and red were much io. nte 
than the blue and violet. 

The motion of the Prifms about their Axis being con- 
tinued, thefe Colours contracted more and more,fhrink- 
ing towards the whitenefs on either fide of it, until they 
totally vanifhed into it. And then the (Dicho in thofe 
parts appeared black and white, without any other Co- 
lours intermixed. But by Frater moving the Prifms 
about, the Colours again emerged out of the whitenefs, 
the violet and blue as its inward Limb, and at its out: 
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ward Limb the red and yellow. So that now their order 
from the central Spot was white, yellow, red ; black ; 
violet, blue, white, yellow, red, (2c. contrary to what 
it was before. 


Org s." ITE 


When the Rings or fome parts of them appeared or 
black and white, they were very diftin& and well de 
fined, and the backnefs feemed as intenfe as that of 
the central Spot. Alfo in the borders of the Rings, 
where the Colours began to emerge out of the white- 
nefs, they were pretty diftinct, which made them vi- 
fible to a very great Multitude. 1 have fometimes 
numbred above thirty Succefhons ( reckoning every 
black and white Ring for one Succeffion ) and feen 
more of them, which by reaton of their tmalnefs I could 
not number. But in other Pofitions of the Prifms, at 
which the Rings appeared of many Colours, I could not 
diftinguifh above eight or nine of them, and the exte- 
rior of thofe were very confufed and dilute. 

In thefe two Obfervations to fee the Rings diftinét, 
and without any other Colour than black and white,l 
found it neceffary to hold my Eye at a good diftance 
from them. For by approaching nearer, although in the 
fame inclination of my Eye to the plane of the Rings, 
there emerged a blueifh Colour out of the white, 
which by dilating it felf more and more into the black 
rendred the Circles lefs diftinct, and left the white a 
little tinged with red and yellow. I found alfo by 
looking through a flit or oblong hole, which was 
narrower than the Pupil of my Eye, and held clofe te 
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it parallel to the Prifms, I could fee the Circles much 
dittin&er and vifible to a far greater number than 
otherwife. 
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To obferve more nicely by the order of the Colours 
which arofe out of the white Circles as the Rays be- 
came lefsand lefs inclined to the plate of Air; 1 took 
two Obje& Glafles, the one a Plano-convex for a four- 
teen-foot Telefc ope, and the other a large double con- 
Vex = one of about fifty-foot; and upon this,laying the 
other wi th <a its Pac fide dow nwards, | p! feted them 
{lowly rto make the Colours fuccetlivel y emerge 
in the middle ‘of the Circles, and then flowly lifted 
the upper pag | From | the lower to make them fuccef- 
fively vanifh again in the fame place. The Colour, 
which b y pref ling the Glafles together emerged laft in 
the middle of the other Colours, would upon its firft 
appearance look like a Circle of a Colour almoft uni- 
form from the circumference to the center, and by 
conip’ reffing the Glafles ftill more, grow continually 
broader until a new Colour emerged in its center, and 
thereby 1t became a Ring encompafling that new Co- 
lour. And by compreffing the Glafles ftill more, the 
Diameter of this Ring would encreafe, and the breadth 
of its Orbit or Perimeter decreafe until another new 
Colour emerged in the center of the laít: And fo on 
until a | third, a fourth, a fifth, and other following 

rolours ‘fucceffively emerged there, and became 
Rinasté encompaffing the innermoft Colour, the laft of 
which was the black Spot. And, on the contrary, by 
lifting 
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lifting up the upper Glafs from the lower, the diamete: 
of the Rings would decreafe, and the breadth of their 
Orbit encreafe, until their Colours reached fucceffively 
to the center ; and then they being of a confiderable 
breadth, I could more eafily difcern and diftinguifh 
their Species than before. And by this means | ob 
ferved their Succeffion and Quantity to be as fol- 
loweth. 

Next, tothe pellucid central Spot made by the con- 
tact of the Glaffes fucceeded blue, white, yellow, and 
red, the blue was fo little in quantity that I could not 
difcern it in the circles made by the Prifms, nor could 
1 well diftinguifh any violet in it, but the yellow and 
red were pretty copious, and feemed about as much 
in extent as the white, and four or five times more 
than theblue. "The next Circuit in order of Colours 
immediately encompafling thefe were violet, blue, 
green, yellow, and red, and thefe were all of them co- 
pious and vivid, excepting the green, which was very 
little in quantity, and feemed much more faint and 
dilute than the other Colours. Of the other four, the 
violet was the leaft in extent, and the blue lefs than 
the yellow or red. The third Circuit or Order was 
purple, blue, green, yellow, and red ; in which the 
purple feemed more reddifh than the violet in the 
former Circuit, and the green was much more confpi- 
cuous, being as brifque and copious as any of the other 

olours, except the yellow ; but the red began to be 
a little faded, inclining very much to purple. After 
this fucceeded the fourth Circuit of green and red. The 
green was very copious and lively, inclining on the one 
fide to blue, and on the other fide to yellow. But in 
this 
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this fourth Circuit there was neither violet, blue, nor 
yellow, and the red was very imperfe& and dirty. 

Alfo the fucceeding Colours became more and more im- 
perfect and dilute, till after three or four Revolutions 

they ended in perfect whitenefs. Their Form, when the 
Glaffes were moft compreffed fo as to make the black 

Spot appear in the Center, isdelineated in the Second _ 
Figure; where a; 4 c, dye : f, g bui k: l,m, 0,0, p: qur : Fig. 2. 
$,t: 0,x:y denote the Colours reck'ned in order from ! 
the center, black, blue, white, yellow, red : violet, 

blue, green, yellow; red: purple, blue, green, yellow, 

red: green, red: greenifh blue, red: greenith blue, 

pale red: greenifh blue, reddifh white. 
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lo determine the interval of the Glaffes, or thick- 
nefs of the interjacent Air, by which each Colour was 
produced, I meafured the Diameters of the firft fix 
Rings at the moft lucid part of their Orbits, and fqua- 
ring them, | found their Squares to be in the Arith- 
metical Progrefhon of the odd Numbers, 1.3.5. 7.9. 1 1. 
And fince one of thefe Glafles was Plain, and the other 
Spherical, their Intervals at thofe Rings muft bein the 
fame Progrefhon. J meafured alfo the Diameters of 
the dark or faint Rings between the more lucid Co- 
lours, and found their Squares to be in the Arithme- 
tical Progreffion of the even Numbers, 2. 4.6. 8. 10. 12. 
And it being very nice and difficult to take thefe mea- 
fures exactly ; I repeated them at divers times at divers 
parts of the Glaffes, that by their Agreement I might 
be confirmed in them. And the fame Method I ufed in 
deter- 
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determining fome others of the following Obferva- 


tions. 


OB oy VL 


Ihe Diameter of the fixth Ring at the moft lucid 
part of its Orbit was 2 EC of an Inch, and the Dia- 
meter of the Sphere on which the double convex Ob- 
ject-Glafs was ground was about 102 Feet, and hence 
| gathered the thicknefs of the Air or Aereal Interval 
of the Glaffes at that Ring. But fome time after, fuf- 
pecting that in making this Obfervation I had not de- 
termined the Diameter of the Sphere with ft ufficient ac- 
curatenefs, and being uncertain whether the Plano- 
convex Glafs was truly plain, and not fomething con- 
cave or convex on that fide which [ accounted plain ; 
and whether I had not preffed the Glaffes together, as 
I often did, to make them touch (for by prefhing fuch 
Glafles together their parts eafi ily yield inw ards, and 

the Rings thereby become fenfibly broader than t mney 
would be, did the Glaffes keep mas DEBBIE] PI 
peated the SAN AE and tound the Diameter Br 
the fixth lucid Ring about bie p yarts n. an Inch. ..-l:re- 
peated the ae riment alfo with fuch an Object-Glafs 
of another Telefcope as I had at hand. This was a double 
convex ground on both fides to one and the fame 
Sphere, and its Focus was diftant from it 83: Inches. 
And thence, if the Sines of incidence and refraction of 
the bright yellow Light be aflumed in proportion as 
11 to 17, the Diameter of the Sphere to which the 
Glafs was Hees will by computation be found 182 In- 
ches. This Glafs 1 laid upon a flat one, fo that the 


black 
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black Spot appear ed dinthe middle of the Rings of Colours 
ibo. iny other preffure than that of the weight of 
the Glafs. An ds HUS is eae the Diameter of the 
fifth dark Circle as accurately as] could, I found it the 
fifth part of an 1 In ch precifely. "This meafure was taken 
with the points of a pair of Compafles on the upper fur- 
face on the up] per Gl. als, and my Eye was about eight 
or nine Inches diftance from the Glafs, almoft perpen. 
dicularly over vit, and the Glafs was? of an Inch thick, 
and thence it is eafy to collect that the true Diameter 
of the Ring between the Glaffes was greater than its 
meafured Diameter above the Glaffes in the proportion 
of So to 79 or thereabouts, and by confequence equal 
fo = * parts of an Inch, and its true Semi-diameter equal 
to = parts. Now as the Diameter of the Sphere (182 In- 
ches) isto the Semi-diameter of this fifth dark Ring 
(+ parts of an Inch) fo is this Semi-diameter to the 
thicknefs of the Airat this fifth dark Ring ; which is 
therefore Aq, or 75, parts of an Inch, and the fifth 
d thereof; viz. the math part of an Inch, 1s the 
thicknefs of the Air at the firft of. thefe dark Rings. 

The fame Experiment I repeated with another dou- 
ble convex Object-glafs ground on both fides to one and 

fame Sphere. its Focus was diftant from it 165: 
nches, and therefore the Diameter of that Sphere was 
184 Inches. This Glafs being laid upon the fame 
plain G] Be the Diameter of the fifth of the dark 
Rings, when the black Spot in 2 center MESE 
plainly without preffing the Glafles, was by the mea- 
fure of the Compafles upon the DR Glats zi parts 
of an Inch, and by confequence between the Glafles it 
was Z*. For the upper Glafs was; of an Inch thick, 
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and my Eye was diftant from it 8 Inches. And a third 
proportional to half this from the Diameter of the 
Sphere is gis parts of an Inch. This is therefore the 
thicknefs of the Air at this Ring, and a fifth part there- 
of, viz. the th part of an Inch 1s the thicknefs there- 
of at the firft of the Rings as above. 

I tryed the fame thing by laying thefe Obje&-Glaflcs 
upon flat pieces of a broken Looking-glafs, and found 
the fame meafures of the Rings : Which makes me 
rely upon them till they can be determined more ac- 
curately by Glaffes ground to larger Spheres, though 
in fuch Glaffes greater care muft be taken of a true 
plain. 

Thefe Dimenfions were taken when my Eye was 
placed almoft perpendicularly over the Glafles, being 
about an Inch, or an Inch and a quarter, diftant from 
the incident rays, and eight Inches diftant from the 
Glafs ; fo that the rays were inclined to the Glafs in an 
Angle of about 4 degrees. Whence by the following 
Obfervation you will underftand, that had the rays 
been perpendicular to the Glaffes, the thicknefs of the 
Air at thefe Rings would have been lefs in the propor- 
tion of the Radius to the fecant of 4 degrees, that is of 
toooo. Let the thickneffes found be therefore dimi- 
nifhed in this proportion, and they will become = and 


88940 
ssa» Or ( to ufe the neareft round number ) the oth 
part of an Inch. This is the thicknefs of the Air at the 
darkeft part of the firft dark Ring made by perpendi- 
cular rays, and half this thicknefs multiplied by the 
progreffion,1,3,5,7,9, 1 1,09c. gives the thickneffes of the 
Air at the moft luminous parts of all the brighteft 
Rings, vix. n min mis vex. Ue. their arithmetical 

means 
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means c ms, ae, Wc. being its thickneffes at the 
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darkeft parts of all the dark ones. 
OR». XI 


Ihe Rings were leaft when my Eye was placed per- 
pendicularly over the Glaffes in the Axis of the Rings: 
And when | viewed them obliquely they became big- 
ger, continually {welling as I removed my Eye further 
from the Axis. And partly by meafuring the Diameter 
of the fame Circle at feveral obliquities of my Eye, 
partly by other means, as alfo by making ufe of the 
two Prifms for very great obliquities. E found its Dia- 
meter, and confequently the thicknefs of the Air at its 
per imeter in all thofe Qu oe to be very nearly in the 
proportions exprefled in this Table. 

Angle of In- | Angle of Re- | Diameter of | Thickaefs of 


cidence on the fraction into | the Ring. " | the Air. 
Air. the Air. 


deg. 
OO 
o6 
12 
18 
24 
29 
35 
35 
57 
39 
39 
4O 
40 
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In the two firft Columns are expreffed the obliquities 
of the incident and em iau rays to the plate of the 
Air, that is, their angles of incidence and refraction. In 
the "third Column the Diacieres of any coloured Ring 
at thofe ob liquities is expreffed in parts, of which ten 
conftitute that Diameter when the rays are perpendicu- 
lar. Ándin the fourth Column the thicknets of the Air 
at the circumference of that Ring ts exprefled in parts 
of which alfo ten conftitute that tcl [s when the rays 
are perpendicular. 

And from thefe meafures I feem to gather this Rule 
That the thicknefs of the Air 1s proportional to the fe- 
cant of an angle, whofe Sine is a certain mean propor- 
tional between the Sines of incidence and refraction. 
And that mean proportional, fo far as by thefe meafures 
| can determine it, 1s the firft of an hundred and fix 
arithmetical mean pone between thofe Sines 
counted from the Sine of refradtion. when the refra- 
&ion 1s made out of the Glafs into the plate of Air, or 
from the Sine of incidence when the refraction is 
made out of the plate of Air into the Glafs. 
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The dark Spot in the middle of the Rings increafed 
alfo by the obliquation of the Eye, although : almoft in- 
fenfibly. But if inftead of the Obje&à-Gla (les the Prifms 
were made ufe of, itsincreafe was mor idus feft when 
viewed fo obliquely that no Colours appeared about 1t. 
It was leaft when the rays were incident moft obliquely 
on the interjacent Air, and as the obliquity decreafed 
it increafed more and more until the coloured Rings ap- 

peared. 
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peared, and then decreafed again, but not fo much as 
it increafed before. And hence it 1s evident, that the 
tranfparency was not only at the abfolute contact of the 
Glafles, but alío where they had fome little interval. 
[| have fometimes obferved the Diameter of that Spot to 
be between half and two fifth parts of the Diameter. of 
the exterior circumference of the red in the hrft cir- 
cuit or revolution of Colours when viewed almoft per- 
pendicularly ; whereas when viewed obliquely it hath 
wholly vanifhed and become opake and white like the 
other parts of the Glafs; whence it may be collected 
that the Glaffes did then. fcarcely, or not at all, touch 
one another, and that their interval at the perimeter 
of that Spot when viewed perpendicularly was about a 
fifth or fixth part of their interval at the circumference 
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By looking through the two contiguous Object- 
Glaffes, I found that the interjacent Air exhibited Rings 
of Colours, as well by tranfmitting Light as by reflect- 
ing it, . libe central Spot was now white, and from it 
the order of the Colours were yellowifh red ; black ; 
violet, blue, white, yellow, red ; violet, blue, green, 
yellow, red, £v. But thefe Colours were very faint 
and dilute unlefs when the Light was traje&ed very 
obliquely through the Glaffes: For by that means they 
became pretty vivid. Only the firft yellowifh red, like 
the blue in the fourth Obfervation, was fo little and 

int as fcarcely to be difcerned. Comparing the c 


loured Rings made by reflexion, with thefe made by 
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tranfmiffion of the Light ; 1 found that white was op- 
pofite to black, red to blue, yellow to violet, and green 
to a compound of red and violet. "That is, thofe parts 
of the Glafs were black when looked through, which 
when looked upon appeared white, and on the con- 
trary. And fo thofe which in one cafe exhibited blue, 
did in the other cafe exhibit red. And the like of the 
other Colours. "The manner you have reprefented in 
the third Figure, where AB, CD, are the furfaces ot 
the Glafles contiguous at E, and the black lines be- 
tween them are their diftances in arithmetical progret- 
fion, and the Colours written above are feen by re- 
flected Light, and thofe below by Light tran{mitted. 
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Wetting the Objeà-Glafles a little at their edges, 
the water crept in flowly between them, and the Cir- 
cles thereby became lefs and the Colours more faint : 
Infomuch that as the water crept along one half of 
them at which it firft arrived would appear broken off 
from the other half, and contracted into a lefs room. 
By meafuring them I found the proportions of their 
Diameters to the Diameters of the like Circles made by 
Air to be about feven to eight, and confequently the in- 
tervals of the Glafles at like Circles, caufed by thofe 
two mediums Water and Air,are as about three to four. 
Perhaps it may be a general Rule, That if any other 
medium more or lefs denfe than water be comprefied 
between the Glaffes, their intervals at the Rings caufed 
thereby will be to their intervals caufed by interjacent 


Air, 
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Air, as the Sines are which meafure the refraction made 
out of that medium into Air. 
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When the water was between the Glaffes, if I pref- 
fed the upper Glafs varioufly at its edges to make the 
Rings move nimbly from one place to another, a little 
white Spot would immediately follow the center of 
them, which upon creeping in of the ambient water 
into that place would prefently vanifh. Its appearance 
was fuch as interjacent Air would have caufed, and it 
exhibited the fame Colours. But it was not Air, for 
where any bubbles of Air were in the water they would 
not vanifh. The reflexion muft have rather been caufed 
by a fubtiler medium, which could recede through the 
Glafles at the creeping in of the water. 


CB S. oe 


Thefe Obfervations were made in the open Air. But 
further to examin the effects of coloured Light falling 
on the Glaffes, I darkened the Room, and viewed them 
by reflexion of the Colours of a Prifm caft on a Sheet. 
of white Paper, my Eye being fo placed that I could 
fee the coloured Paper by reflexion in the Glaffes, as 
in a Looking-glafs. And by this means the Rings be- 
came diftincter and vifible to a far greater number than 
in the open Air. I have fometimes feen more than 
twenty of them, whereas in the open Air I could not 
difcern above eight or nine. 


OBS 


Appomting : an affiftant to move the Prifm to and 
fro about its Axis, that all the Colours mig ght fuccef- 
fively fall on that part of the Paper w vhich [ faw by 
reflexion from that part of the Glafles, w na ere the Cir- 
cles appeared, fo that all the Colours might be fuccet- 
fively reflected from the Circles to my Eve whilft I held 
itimmovable, I found the Circles whicl h the ted Light 
made to be manifeftly bigger than thofe which were 
made by the blue and violet. And it was very plea- 
fant to fee them gradually fwell or contract according 
as the Colour of the Light was changed. ‘The inter- 
val of the Glafles at any of the Rings when they were 
made by the utmoft red Light, was to their interval at 
the fame Ring when made bythe utmoft violet, greater 
than as 3 to 2,and lefs than as 13 to 8,by the moft of my 
Obfervations it was as I4 tog. And this proportion 
feemed very nearly the fame in all obliquities of my 
Eye ; unlefs when two Prifms were made utc of int fread 
of the Object-G 3laffes. For then at a certain orea 
obliquity of my Eye, the Rings made by the eye 
Colours feemed equal, and at a greater obliquity thofe 
made by the violet would be greater than the fame 
Rings made by the red. The refraftion of the Prifm 
in this cafe caufing the moft refrangible rays to fall 
more obliquely on that plate of the Air than the leaft 
refrangible ones. Thus the Experiment fucceeded in 
the coloured Light, which was fufficiently ftrong and 
io to make the Rings fenfible. And thence it 
may be gathered, that if the moft refrangible and leatt 
refran- 
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refrangible rays had been copious enough to make the 
Rings fenfible without the mixture of other rays, the 
proportion which here was 14 to 9 would have been a 
little greater, fuppofe 14 + or 14 ‘to g. 
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Whilit the Prifm was turn'd about its Axis with an 
uniform motion, to make all the feveral Colours fall 
fucceflively upon the Object-Glaffes, and thereby to 
make the Rings contract and dilate : The contraction 
or dilation of each Ring thus made by the variation of 
its Colour was fwifteft in the red, and floweft in the 
violet, and in the intermediate Colours it had inter- 
mediate degrees of celerity. Comparing the quantity 
of contraction and dilation made: by all the degrees of 
each Colour, [ found that it was greateft in the red ; 
lefs in the yellow, {till lefs in the blue, and leatt in the 
violet. And to make as juft an eftimation asI could of the 
proportions of their contractions or dilations, I obferved 
that the whole contraction or dilation of the Diameter 
of any Ring made by all the degrees of red, was to that 
of the Diameter of the fame Ring made by all the de- 
grees of violet, as about four to three, or five to four, and 
that when the Light was of the middle Colour between 
yellow and green, the Diameter of the Ring was very 
nearly an arithmetical mean between the greateft Dia- 
meter of the fame Ring made by the outmoft red, and 
the leaft Diameter thereof made by the outmoft violet : 
Contrary to what happens in the Colours of the oblong 
Spectrum made by the refraction of a Prifm, where the 
red 15 moft contracted , the violet moft expanded, and 
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in the midft of all the Colours is the confine of green 
and blue. And hence I feem to colle& that the thick- 
neffes of the Air between the Glaffes there, where the 
Ring is fucceffively made by the limits of the five prin- 
cipal Colours (red, yellow, green, blue, violet) in order 
(that is, by the extreme red, by the limit of red and 
yellow in the middle of the orange, by the limit of 
yellow and green, by the limit of green and blue, by 
the limit of blue and violet in the middle of the m- 
digo, and by the extreme violet) are to one another 
very nearly as the fix lengths of a Chord which found 
the notes in a fixth Major, fol, la, mi, fa, [ol, la. But 
it agrees fomething better with the Obfervation to fay, 
that the thickneffes of the Air between the Glafies there, 
where the Rings are fucceflively made by the limits of 
the feven Colours, red, orange, yellow, green, blue, in- 
digo, violet inorder, are to one another as the Cube- 
roots of the Squares of the eight lengths of a Chord, 
which found the notes in an eighth, fol, la, fu, fol, la. 
mt, fa, fol ; that is, as the Cube-roots of the Squares 
ar tlie Numbers, *,553 23 2 
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Thefe Rings were not of various Colours like thofe 
made in the open Air, but appeared all over of that 
prifmatique Colour only with which they were illu- 
minated. And by projecting the prifmatique Colours 
immediately upon the Glaffes, I found that the Light 
which fellon the dark Spaces which were between 
the coloured Rings, was tranfmitted through the 
Glafles without any variation of Colour. For on a 

white 
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white Paper placed behind, it would paint Rings of 
the fame Colour with thofe which were refle&ed, and 
of the bignefs of their immediate Spaces. And from 
thence the origin of thefe Rings is manifeft ; namely, 
That the Air between the Glafles, according to its va- 
rious thicknefs, is difpofed in fome places to reflect, 
and in others to tranfmit the Light of any one Co- 
lour (as you may fee reprefented in the fourth Figure ). 
and in the fame place to refle& that of one Colour 
where 1t tranfmits that of another. 
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The Squares of the Diameters of thefe Rings made 
by any prifmatique Colour were in arithmetical pro- 
greffion as in the fifth Obfervation. And the Diameter 


of the fixth Circle, when made by the citrine yellow, 
and viewed almoft perpendicularly, was about 9: parts 
of an Inch, or a little lefs, agreeable to the fixth Ob- 
lervation. 

The precedent Obfervations were made with a rarer 
thin medium, terminated by a denfer, fuch as was Air 
or Water compreffed between two Glaffes. In thofe 
that follow are fet down the appearances of a denfer 
medium thin'd within a rarer, fuch as are plates of 
Muícovy-glafs, Bubbles of Water, and fome other thin 
fubftances terminated on all fides with Air. 
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If a Bubble be blown with Water firft made tenacious 
by diffolving a little Soap in it, 'tis a common Obfer- 
vation, that after a while it will appear tinged with a 
great variety of Colours. To defend thefe Bubbles 
from being agitated by the external Air (whereby their 
Colours are irregularly moved one among another, fo 
that no accurate Obfervation can be made of them,) as 
foon as | had blown any of them I covered it with a 
clear Glafs, and by that means its Colours emerged in 
a very regular order, like fo many concentrick Rings 
incompafhng the top of the Bubble. And as the 
Bubble grew thinner by the continual fubfiding of the 
Water, thefe Rings dilated flowly and over-fpread the 
whole Bubble, defcending in order to the bottom of it, 
where they vanifhed fucceffively. In the mean while, 
after all the Colours were emerged at the top, there 
grew in the Center of the Rings a finall round black 
Spot, like that in the firft Obfervation, which conti- 
nually dilated it felf till it became fometimes more than 
t or ? of an Inch in breadth before the Bubble broke. 
At firft [ thought there had been no Light refle&ed from 
the Water in that place, but obferving it more cu- 
rioufly, | faw within it feveral fmaller round Spots, 
which appeared much blacker and darker than the reft, 
whereby | knew that there was fome reflexion at the 
other places which were not fo dark as thofe Spots. 
And by further tryal I fouud that I could fce the Images 
of fome things (as of a Candleor theSun ) very faint- 

y reflected, not only from the great black Spot, but 
alto 
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alfo from the little darker Spots which were with- 
in 1t. 

Befides the aforefaid coloured Rings there would 
often appear fmall Spots of Colours, afcending and de- 
fcending up and down the fides of the Bubble, by reafon 
of fome inequalities in the fubfiding of the Water. 
And fometimes fmall black Spots generated at the fides 
would afcend up to the larger black Spot at the top of 


the Bubble, and unite with it. 
OQ BS.) XVI, 


Becaufe the Colours of thefe Bubbles were more ex- 
tended and lively than thofe of the Air thin'd. between 
two Glafles, and fo more eafy to to diftinguifhed , I 
fhall here give you a further defcription of their order, 
as they were obferved 1n viewing them by reflexion of 
the Skies when of a white Colour, whilft a black Sub- 
{tance was placed behind the Bubble. And they were 
thefe, red, blue; red, blue; red, blue; red, green; 
red, yellow, green, blue, purple; red, yellow, green, 
blue, violet ; red, yellow, white, blue, black. 

The three firft Succeffions of red and blue were very 
dilute and dirty, efpecially the firft, where the red. 
feemed in a manner to be white. Among thefe there 
was fcarce any other Colour fenfible befides red and 
blue, only the blues ( and principally the fecond blue ) 
inclined a little to green. 

The fourth red was alfo dilute and dirty, but not 
fo much as the former three ; after that fucceeded little. 
or no yellow, but a copious green, which at firft incli- 
ned a littleto yellow, and then became a pretty rum 

and 
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and good willow green, and afterwards changed to a 
bluifh Colour; but there fucceeded neither blue nor 
violet. 
The fifth red at firft inclined very €— to purple, 
and afterwards became more bright and brifque, but 


yet not very pure. This was fucceeded with a ver y 
bright and intenfe yellow, which was but httle [in 
quantity, and foon changed to green : But that green 
was copious and fomething more pure, deep and lively, 
than the former green. After that followed an excel- 
lent blue of a bright sky-colour, i then a purple, 
which was lefs 1n quantity than the blue, and much 
inclined to red. 

The fixth Red was at firft of a very fair and lively 

Scarlet, and foon after of a brighter Colour, being 
very pure and brifque, and the beft of all the 
reds. Then after a lively orange followed an intenfe 
bright and copious yellow, which was alfo the beft 
of all the yellows, and this changed firft to a greenifh 
yellow, and then to a greenifh blue ; but the green 
between the yellow and the blue, w " very httle and 
dilute, fceming rather a greenifh. white than a green. 
The blue which fucceeded became very good, and of a 
very fair bright sky-colour, but yet fomething inferior 
to the former blue ; and the violet was intenfe and 
deep with little or no rednefsin it. And lefs in quan- 
tty than the blue. 

In the laft red appeared a tincture of fcarlet next 
to violet, which foon changed to a brighter Colour, 
inclining to an orange ; and the yellow which followed 
was at firft pretty good and lively, but afterwards it 
grew more dilute, until by degrees it ended in perfe& 

| white 
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whitenefs. And this whitenefs, if the Water was very 
tenacious and well-tempered, would flowly fpread and 
dilate it felf over the greater part of the Bubble ; con- 
tinually growing paler at the top, where at length it 
would crack in many places, and thofe apes as they 
dilated, would appear of a pretty good, but yet obfcure 
and dark sky-colour ; the white between the blue S Spots 
diminifhing, until it refembled the threds of an irre- 
cular Net-work, and foon after vanifhed and left all 
the upper part of the Bubble of the faid dark blue 
Colour. And this Colour, after the aforefaid manner, 
dilated it felf downwards , until fometimes it ha th 
overfpread the whole Bubble. In the mean while at 
the top, which was of a darker blue than the bottom, 
and appeared alfo full of many round blue Spots, fonie. 
thing darker than the reft, there would emerge one 
or more very black Spots, and within thofe other Spots 
of an mtenfer blacknefs, which I mentioned in the 
former Obfervation ; and thefe continually dilated 
themfelves until the Bubble broke. 

If the Water was not very tenacious the black Spots 
would break forth in the white, without any fentible 
intervention of the blue. And fometimes they would 
break forth within the precedent yellow , or red, or 
perhaps within the blue of the fecond order, before 
the intermediate Colours had time to difplay them- 
felves. 

By this defcription you may perceive how great an 
affinity tl thefe Colours have with thofe of Air defcri- 
bed in the fourth Obfervation; although fet down in 
a contrary order, by reafon that they begin to appear 
when the Bubble is thickeft , and. are moft conve- 

niently 
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niently reckoned from the loweft and thickeft part of 
the Bubble upwards. 


OB &o XLX 


Viewing in feveral oblique pofitions of my Eye 
the Rings of Colours emerging on the topof the Bubble, 
[ found that they were fenfibly dilated by increafing 
the obliquity , but yet not fo much by tar as thofe 
made by thin'd Air in the feventh Obfervation. For 
there they were dilated fo much as, when viewed 
moft obliquely, to arrive at a part of the plate more 
than twelve times thicker than that where they ap- 
peared when viewed perpendicularly ; whereas in this 
cafe the thicknefs of the Water, at which they arrived 
when viewed moft obliquely, was to that thicknefs 
which exhibited them by YR aer nat rays, fome- 
thing lefs thanas 8 to s. By the bett of my Obfervations 
it was between 15 and 15i to 10, an increafe about 
24 times lefs than in the other cafe. 

Sometimes the Bubble would become of an uniform 
thicknels all over, except at the top of 1t near the black 
Spot, as ] knew, becaufe it would exhibit the fame 
appearance of Colours in all pofitions of the Eye. And 
then the Colours which were feen at 1ts apparent cir- 
cumference by the obliqueft rays, would be different 
from thofe that were feen in other places, by rays lefs 
oblique to it. And divers Spectators might fee the 
fame part of it of differing Colours, by viewing it at 
very differing obliquities. Now obferving how much 
the Colours at the fame places of the Bubble, or at di- 
vers places of equal thickneís, were varied by the 

feveral 
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feveral obliquities of the rays; by the affiftance of the 
4th, 14th, 16th and 18th Obfervations, as they are 
hereafter explained, I collect the thicknefs of the Water 
requifite to exhibit any one arid the fame Colour, at fe- 
veral obliquities, to be very nearly in the proportion 
exprefied in this Table. 


Lf Incidence on | Refraction in- | Thicknefs of 
the Water. | totheWater.| the Water. 
deg. min. deg. min. 
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In [ two firft Columns are expreffed the obliqui- 
ties of the rays to the fuperficies of the Water, that 
is, their Angles of incidence and refraction. Where 
I fuppofe that the Sines which meafure them are in 
round numbers as 3 to 4, though probably the diffo- 
lution of Soap,in the Water, may a little alter its 
refra&tive Vertue. In the third Column the thicknefs 
of the Bubble, at which any one Colour is exhibited 
in thofe feveral obliquities, is expreft in parts,of which 
ten conftitute that thicknefs when the rays are perpen- 
dicular. | | : 

I] have fometimes obferved, that the Colours which 
arife on polifhed Steel by heating it, or on Bell-metal, 
and fore other metalline fubftances, when melted and 
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poured on the ground, where they may cool in the 
open Air, have, like the Colours of Water-bubbles, 
been a little changed by viewing them at divers ob- 
liquities, and particularly that a deep blue, or violet, 
when viewed. very obliquely, hath been changed to a 
deep red. But the change of thefe Colours are not fo 
great and fenfible as of thofe made by Water. For the 
Scoria or vitrified part of the Metal, which moft Me- 
tals when heated or melted do continually protrude, 
and fend out to their furface, and which by covering 
the Metals in form of a thin glaffy skin, caufes thefe 
Colours, is much denfer than Water ; and I find that 
the change made by the obliquation of the Eye is leatt 
in Colours of the denfeft thin fubftances. 


GES XX 


As in the ninth Obfervation, fo here, the Bubble, by 
tranfmitted Light, appeared of a contrary Coleur to 
that which it exhibited by reflexion. Thus when the 
Bubble being looked on by the Light of the Clouds re- 
fleted from it, feemed red at its apparent circumfe- 
rence, if the Clouds at the fame time, or immediately 
after, were viewed. through it, the Colour at its cir- 
cumference would be blue. And, on the contrary, 
when. by reflected Light it appeared blue, it would ap- 
pear red by tranfmitted Light. 


Oe Ss, XXL 


By wetting very thin plates of Mufcovy-glafs, whofe 
thinnefs made the like Colours appear, the Colours 
became 
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became more faint and languid ; efpecially by wetting 
the plates on that fide oppofite to the Eye: But I could 
not perceive any variation of their fpecies. So then 
the thicknefs of a plate requifite to produce any Co- 
lour, depends only on the denfity of the plate, and 
not on that of the ambient medium: And hence, by the 
roth and 16th Obfervations, may be known the thick- 
nefs which Bubbles of Water, or Plates of Mufcovy- 
glaís, or other fubftances, have at any Colour pro- 
duced by them. | 


@ B.S AAI 


A thin tranfparent Body, which is denfer than its 
ambient medium, exhibits more brifque and vivid Co- 
lours than that which is fo much rarer ; as I have 
particularly obferved in the Air and Glafs. For blow- 
ing Glafs very thin at a Lamp-furnace, thofe plates 
incompafied with Air:did exhibit Colours much 
more vivid than thofe of Air made thin between two 
Glafles. ' 


O B5. XXIIL 


Comparing the quantity of Light refle&ed from the 
feveral Rings, | found that it was moft copious from 
the firft or inmoft, and in the exterior Rings be- 
came gradually lefs and lefs. Alfo the whitenefs of 
the firft- Ring was ftronger than that refleóted from 
thofe parts of the thinner medium which were withe 
out the Rings; as I could maniteftly perceive by views 
ing at a diftance the Rings made by the two Objeét- 

Be 3 Glafles, 
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Glaffes; or by comparing two Bubbles of Water blown 
at diftant times, in the firft of which the whitenefs 
appeared, which fucceeded all the Colours, and in 
the other, the whitenefs which preceded. them all. 


QO.BS IM 


When the two Obje&-Glaffes were lay'd upon one 
another, fo as to make the Rings of the Colours ap- 
pear, though with my naked Eye I could not ditcern 
above 8 or 9 of thofe Rings, yet by viewing them 
through a Prifm | have feen a far greater multitude, 
infomuch that Í could number more than forty, befides 
many others, that were fo very {mall and clofe toge- 
ther, that I could not keep my Eye fteddy on them 
feverally fo as to number them, but by their extent 1 have 
fometimes eftimated them to be more than a hundred. 
And I believe the Experiment may be improved to the 
difcovery of far greater numbers. For they feem to 
be really unlimited, though vifible only fo far as they 
can be feparated by the refraction, as I fhall hereafter 
explain. 

But it was but one fide of thefe Rings, namely, that 
towards which the refra&ion was made, which by that 
refraction was rendered diftinét, and the other fide be- 
came more confufed than when viewed by the naked 
Eye, infomuch that there I could not difcern above 
one ortwo, and fometimes none of thofe Rings, of 
which I could difcern eight or nine with my naked 
Eye. And their Segments or Arcs, which on the 
other fide appeared fo numerous, for the moft part 

exceeded 
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exceeded. not the third part of a Circle. If the Re- 
fraction was very great, or the Prifm very diftant from 
the Obje&-Glaffes, the middle part of thofe Arcs be- 
came alfo confufed, fo as to difappear and conftitute an 
even whitenefs, whilít on either fide their ends, as alfo 
the whole Arcs furtheft from the center, became di- 


ftin&ter than before, appearing in the form as you fee . 


them defigned in the fifth Figure. 

The Arcs, where they feemed diftin&eft, were only 
white and black fucceflively, without any other Co- 
lours intermixed. But in other places there appeared 
Colours, whofe order was inverted by the retraction 
in fuch manner, that if I firft held the Prifm very near 
the Obje&-Glaffes, and then gradually removed it 
further off towards my Eye, the Colours of the 2d, 
3d, 4th, and following Rings fhrunk towards the white 
that emerged between them, until they wholly va- 
nifhed into it at the middle of the Arcs, and after- 
wards emerged again in a contrary order. But at 
the ends of the Arcs they retained their order un-. 
changed. 

| have fometimes fo lay'd one Obje&t-Glafs upon 
the other, that to the naked Eye they have all over 


feemed uniformly white, without the leaft appearance: 


of any of the coloured Rings ; and yet by viewing 
them through a Prifm, great multitudes of thofe Rings 
have difcovered themfelves. And in like manner plates 
of Mufcovy-glafs, and Bubbles of Glafs blown at a 
Lamp-furnace, which were not fo thin as to exhibit 
any Colours to the naked Eye, have through the Prifm 
exhibited a great variety of them ranged irregu- 


larly up and down in the form of waves. And fo 
Bubbles 
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Bubbles of Water, before they began to exhibit their 
Colours to the naked Eye of a By-ftander, have ap- 
peared through a Prifm, girded about with many pa- 
rallel and horizontal Rings; to produce which ettect, 
it was neceffary to hold the Prifm parallel, or very 
nearly parallel to the Horizon, and to difpofe it fo 
. that the rays might be refra&ed upwards. 


THE 
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Remarks upon the foregoing Obfervations. 


Hs given my Obfervations of thefe Colours, 


before | make ufe of them to unfold the Caufes 
of the Colours of natural Bodies, it is convenient that 
by the fimpleft of them, fuch as are the ad, 3d, 4th, 
9th, 12th, 18th, 2oth, and 24th, I firft explain the 
more expounded. And firít to (hew how the Colours 
in the fourth and eighteenth Obfervations are produ- 
ced, let there be taken in any right line from the point 
Y, the lengths Y & Y B, Y €, YD, YE, YF, Y G, Ez.5. 


Y H, in proportion to one another, as the Cube-roots 
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in an Eighth are reprefented ; that is, in the propor! 
tion of the numbers 6300, 6814, 7114, 7631, 8255, 
8855, 9243, 10000. And at the points A, B, C, Dy, 


MT 
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E,F, G, H, let perpendiculars Az, B6, Wc. be erected, 
by whofe intervals the extent of the feveral Colours 
fet underneath againft them, is to be reprefented. “Then 
divide the line A« in fuch proportion as the numbers 
1, 2,3, 55 05 7,9, 105 11,49. fet at the points of. divi- 
fion denote. And through thofe divifions from Y 
draw lines 1], 2K, 3 L4.$ M, 6N, 7O,6c. 

Now if À 2 be tuppofed to reprefent the thicknefs 
of any thin tranfparent Body , at which the outmoft 
violet is moft copioufly reflected in the firft Ring, or 
Series of Colours, then by the r3th Obfervation H K, 
will reprefent its thicknefs, at which the utmoft red 
is moft copioufly refleted in the fame Series. — Alfo 
by the sth and. 16th Obfervations, A6 and HN will 
denote the thickneffes at which thofe extreme Colours 
are moft copioufly reflected in the fecond Series, and 
A 10 and HQ the thicknefles, at which they are 
moft copioufly refle&ed in the third Series, and fo on. 
And the thicknefs at which any of the intermediate 
Colours are refleéted moft copioully, will, according to 
the 14th Obfervation, be defined by the diftance of the 
line AH from the intermediate parts of the lines 2 K, 
6N, 10Q, ce. againft which the names of thofe Co- 
lours are written below. 

But further, to define the latitude of thefe Colours in 
each Ring or Series, let A 1 defign the leaft thicknefs, 
and A 3 the greateft thicknefs, at which the extreme 
violet in the firft Series is reflected, and let HI, and 
H L, defign the like limits for the extreme red, and 
let the intermediate Colours be limited by the inter- 
mediate parts of the lines 1 I, and 3 L, againft which 
the names of thofe Colours are written, and fo on: But 


yet 
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yet with this caution, that the reflections be fuppofed 
ftrongeft at the intermediate Spaces, 2K, 6 N, 10 Q,i9e, 
and from thence to decreafe gradually towards thefe li- 
mits, 11, 3L, 53 M, 7O, Wc. on either fide; where 
you muft not conceive them to be precifely limited, 
but to decay indefinitely. And whereas I have affigned 
the fame latitude to every Series, I did it, becaufe al- 
though the Colours in the firft Series feem to be a little 
broader than the reft, by reafon of a ftronger reflexion 
there, yet that inequality is fo infenfible as fcarcely to 
be determined by Obfervation. 

Now according to this defcription, conceiving that 
the rays originally of feveral Colours are by turns re- 
flected at the Spaces 11 L 3, 3M O7, 9 PR11, &c. 
and tranfmitted at the Spaces AHI 1,3L M 5,7 OP s, 
(v. it is eafy to know what Colour muft in the open Air 
be exhibited at any thicknefs of a tranfparent thin body. 
For if a Ruler be applied parallel to AH, at that di- 
{tance from it by which the thicknefs of the body is 
reprefented, the alternate Spaces 1 1L, 3, 5 MO 7, (5c. 
which it croffeth will denote the reflected original Co- 
lours, of which the Colour exhibited in the open Air 
is compounded. Thus if the conftitution of the green 
in the third Series of Colours be defired, apply the 
Ruler as you feeat 7e*9, and by its paffing through 
fome of the blue at and yellow ate, as well as through 
the green at e, you may conclude that the green exhi- 
bited at that thicknefs of the body is principally con- 
ftituted of original green, but not without a mixture 
of fome blue and yellow. 


Ff By 
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By this means you may know how the Colours from 
the center of the Rings outward ought to fucceed in 
order as they were defcribed in the 4th and 18th Ob- 
fervations. For if you move the Ruler gradually from 
AH through all diftances, having paft over the firft 
fpace which denotes little or no reflexion to be made 
by thinneft fubftances, 1t will firft arrive at 1 the violet, 
and then very quickly at the blue and green, which 
together with that violet compound blue, and then at 
the yellow and red, by whofe further addition that 
blue is converted into whitenefs, which whitenefs con- 
tinues during the tranfit of the edge of the Ruler from 
Y to 3, and after that by the fucceffive deficience of 
its component Colours, turns firft to compound yellow, 
and then to red, and laft of all the red ceafeth at I. 
Then begin the Colours of the fecond Series, which 
fucceed in order during the tranfit of the edge of the 
Ruler from 5 toO, and are more lively than before, 
becaufe more expanded and fevered. And for the 
fame reafon, inftead of the former white there inter- 
cedes between the blue and yellow a mixture of orange, 
yellow, green, blue and indico, all which together ought 
to exhibit a dilute and imperfect green. So the Co- 
fours of the third Series all {ucceed in order ; firft, the 
violet, which a little interferes. with the red of the fe- 
cond order, and 1s thereby inclined to a reddifh purple; 
then the blue and green, which are lefs mixed with 
other Colours, and confequently more lively than be- 
fore, efpecially the green: Then follows the yellow, 
fome of which towards the green is diftinét and good, but 
that part of it towards the fucceeding red, as alfo that 
red is mixed with the violet and blue of the fourth Se- 
ries, 
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vies, whereby various degrees. of ted: very. much inch 
ning to purple are compounded. This violet and blue, 
which fhould fucceed this red, being mixed. with, and 
hidden in it, there fucceeds a green... And this at firft 
is much inclined to blue, but foon becomes a good 
green, the only unmixed and lively Colour in this 
fourth Series. For as it verges towards the yellow, it 
begins to interfere with the Colours of the fifth Series, 
by whofe mixture the fucceeding yellow and red are 
very much diluted and made dirty, efpecially the yel- 
low, which being the weaker Colour is fcarce able to 
thew it felf. After this the feveral Series interfere more 
and more, and their Colours become more and more 
intermixed, till after three or four more revolutions 
(in which the red and blue predominate by turns) 
all forts of Colours are in all places pretty equally ben- 
ded, and compound. an even whitenets. | 
And fince by the 15th Obfervation the rays indued 
with one Colour are tranfmitted, where:thofe of ano- 
ther Colour are refle&ed, the reafon:of the Colours 
made by the tranfmitted Light in tlie 9th and 2oth Ob- 
fervations is from hence evident. | | 
If not only the order and fpecies: of thefe Colours, 
but alfo the precife thicknefs of the plate, or thin body 
at which.they are exhibited, be defired. in parts of an 
Inch, that may be alfo obtained by affiftance of the 6th 
or 16th Obfervations. For according to thofe Obferva- 
tions the thicknefs of the thinned Air, which between 
two Glaffes exhibited the moft luminous parts of the 
firft fix Rings were sats, uim, x ren) Faas» Exe Parts of 
an Inch. Suppofe the Light reflected moft copioufly 
at thefe thickneffes be the bright citrine yellow, or con- 
Pia fine 
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fine of yellow and orange, and thefe thickneffes will 
be Gu, G», Gi, Go, G7, And this being known, it is 
eafy to determine what thicknefs of Air is reprefented 
by T & or by any other diftance of the ruler from 
A H. 


But further, fince by the 16th Obfervation the thick- 
nefs of Air was to the thicknefs of Water, which be- 
tween the fame Glaffes exhibited the fame Colour, as 
4 to 3, and by the 21th Obfervation the Colours of 
thin bodies are not varied by varying the ambient me- 
dium ; the thicknefs of a Bubble of Water, exhibiting 
any Colour, will be § of the thicknefs of Air producing 
the fame Colour. And fo according to the fame roth 
and 21th Obfervations the thicknefs of a plate of 
Glafs, whofe refra&ion of the mean refrangible ray, is 
meafured by the proportion of the Sines 31 to 20, 
may be 2 of the thicknefs of Air producing the fame 
Colours; and the like of other mediums. I do not 
affirm, that this proportion of 20 to 31, holds in all 
the rays ; for the Sines of other forts of rays have other 
proportions. But the differences of thofe proportions 
are fo little that I do not here confider them. On 
thefe Grounds |] have compofed the following Table, 
wherein the thicknefs of Air, Water, and Glafs, at 
which each Colour is moft. intenfe and fpecifick, is ex- 
preffed in parts of an Inch. divided. into. Ten hundred 
thoufand equal parts. 
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Fhe thicknefs of coloured Plates and Particles of 
Le : 
Air. Water. Gldfs. 
‘Very Black 
Black 
Beginning of 


Their Colours of the3 Black 


firft Order, | White 


Yellow 
Orange 
.. Red 


C Violet 
Indico 
Blue 
Dei 4 Green 
Of the fecond Order, 2 Yellow 
Orange 
Bright Red 
carat let 
f Purple 
Indico 
Blue 
Of the third-Order, 2 Green 
Yellow. 
Red 
| Bluifh Red 


Bluifh Green B 


Of the fourth Ord Green 
olo. 2" Yellowifh Green | E 
Red | 40} 
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Of che fifth Order, sea Blue 4 345 
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Red 3211 39i. 


Of the fixth Order, Greenifh Blue A | E lud 
Red 65 | 484 |. 


| SGreenith Bie |7* | 535 | 4st | 
Of che feventh Order, JG d White 1771575. 1493 
Now 
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Now if this Table be compared with the 6th Scheme, 
you willstheré: fee the conftitution of each Colour, as 
to its Ingredients, or the original Colours of which it 
is compounded, and thence be enabled to judge of its 
irntenfenefs or 1mperfe&ton ? which may fuffice in ex- 
plication of the 4th and 18th Obfervations, unlefs it 
be further defired to delineate the manner how the Co- 
lours appear, when the two Object-Glafies are lay'd 
upon one another. To do which, let there be de- 
fcribed a large Arc of a Circle, and a ftreight Line 
which may touch that Arc, and parallel to that Tan- 
gent feveral occult Lines, at füch diftances from it, as 
the numbers fet againft the feveral Colours in the Table 
denote. Forthe Arc, and its Tangent, will repretent 
the fuperficies of the Glafles terminating the interjacént 
Air; end the places where the occult Lines cut the 
Arc will fhow at what diftances from the Center, or 
Point of conta&, each Colour is reflected. 

There are alío other ufes of this Table: For by its 
affiftance the thicknefs of the Bubble in the 19th Ob- 
fervation was determined by the Colours which it ex- 
hibited. And fo the bignefs of the parts of natural 
Bodies may be conjectured by their Colours, as fhall be 
hereafter fhewn. -Alfo, if two or more very thin plates 
be lay'd one upon another, fo as to compofe one plate 
equalling them all in thicknefs, the refulting Colour 
may be hereby determined. Forinftance, Mr. Hook in 
his Mifrrograpbia obferves, that a faint yellow plate of 
Mufcovy-glafs lay'd upon a blue one, conftituted a very 
deep purple. The yellow of the fir& Order ts a faint 
one, and the thicknefs of the plate exhibiting it, ac- 
cording to the Table is 43, to which add 9, the thick- 
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nefs exhibiting blue of the fecond Order, and the fum 
will be 133, which is the thicknefs exhibiting the 
purple of the third Order. 

To odes in the next place, the Circumftances of 
the 2d and 3d Obfervations ; that is, "how the Rings of 
the Colours may ( by turning the Prifms about their 
common Axis the contrary way to that exprefled in 
thofe Obfervations) be converted into white and black 
Rings, and afterwards into Rings of Colours again, - 
Colours of each Ring lying now in an inverted order ; 1 
muft be remembred, ‘that thofe Rings of Colours are Ài- 
lated by the obliquation of the rays to the Air which 
intercedes the Gla es, and that according to the Table 
in the 7th Obfervation, their dilatation or increafe of 

their Diameter is moft manifeft and {peedy when they 
are obliqueft. Now the rays of yellow being more re- 
fracted by the firft fuperficies of the fatd Air than thofe 
of red, are thereby made more oblique to the fecond fu- 
perficies, at which they are refle&ted to produce the co- 
loured Rings, and confequently the yellow Circle in each 
Ring will be more dilated than the red ; and the excefs of 
its dilatation will be fo much the greater, by how much 
the greater 1s the obliquity of the rays, until at laft it be- 
come of equal extent with the red of the fame Ring. And 
for the fame reafon the green, blue and violet, will be alfo 
fo much dilated by the fti | greater obliquity of their 

rays, as to becomeall very nearly of equal extent with 
the red, that rs, equally diftant from the center of the 
Rings. And chien all the Colours of the fame Ring 
mult be coincident, and. by their mixture exhibit a 
white Ring. And thefe white Rings muft have black 


and dark Rings between them. becaufe- they do not 
fpread 
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(pread and interfere with one another as before. And 
for that reafon alfo they muft become diftinéter and vi- 
fible to far greater Numbers. But yet the violet being 
. obliqueft will be fomething more dilated in proportion 
to its extent them"the other Colours, and fo very apt to 
appear at the exterior verges of the white. 

Afterwards, by a greater obliquity of the rays, the 
violet and blue become more fenfibly dilated than the 
red and yellow, and fo being further removed from the 
center of the Rings, the Colours muft emerge out of the 
white in an order contrary to that which they had be- 
fore, the violet and blueat theexterior limbs of each 
Ring,and thered and yellow at the interior. And the vio- 
let, by reafon of the greateft obliquity of its rays, being 
in proportion moft of all expanded, will fooneft appear 
at the exterior limb of each white Ring, and become 
more confpicuous than the reft. And the feveral Series 
of Colours belonging to the feveral Rings, will, by 
their unfolding and fpreading, begin again to interfere, 
and thereby render the Rings lefs diftin&, and not vifi- 
ble to fo great numbers. 

If inftead of the Prifms the Obje&-glaffes be made 
ufe of, the Rings which they exhibit become not white 
and diftinét by the obliquity of the Eye, by reafon that 
the rays in their paffage through that Air which inter- 
cedes the Glafles are very nearly parallel to thofe Lines 
in which they were firft incident on the Glaffes, and con- 
fequently the rays indued with feveral Colours are not 
inclined one more than another to that Air, as it hap- 
pens in the Prifms. 

There is yet another circumftance of thefe Experiments 
to be confidered, and that is why the black and white 
Rings 
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Rings which when viewed at a diftance appear diftin&t, 
fhould not only become confufed by viewing them near 
at hand, butalfo yield a violet Colour at both the 
edges of every white Ring. And the reafon is, that the 
rays which enter the Eye at feveral parts of the Pupil, 
have feveral obliquities to the Glafles, and thofe which 
are moft oblique, if confidered apart, would reprefent 
the Rings bigger than thofe which are the leaft oblique. 
Whence the breadth of the perimeter of every white 
Ring is expanded outwards by the obliqueft rays, 
and inwards by the leaft oblique. And this expanfion 
is fo much the greater by how much the greater is the 
difference of the obliquity ; that is, by how much the 
Pupil is wider, or the Eye nearer tothe Glafles. And 
the breadth of the violet muft be moft expanded, be- 
caufe the rays apt to excite a fenfation of that Colour 
are moft oblique to a fecond, or further fuperficies of 
the thin'd Air at which they are reflected, and have 
alfo the greateft variation of obliquity , which makes 
that Colour fooneft emerge out of the edges of the 
white. And as the breadth of every Ring is thus aug- 
mented, the dark intervals muft be diminifhed, until 
the neighbouring Rings become continuous, and are 
blended, the exterior firft, and then thofe nearer the 
Center, fo that they can no longer be diftinguifh'd 
apart, but feem to conftitute an even and uniform 
whitenets. 

Among all the Obfervations there is none accompa- 
nied with fo odd circumftances as the 24th. Of thofe 
the principal are, that in thin plates, which to the 
naked Eye feem of an even and uniform tranfparent 
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whitenefs, without any terminations of fhadows, the 
refraction of a Prifm fhould make Rings of Colours ap- 
pear, whereas it ufually makes Obje€ts appear coloured 
only there where they are terminated with fhadows, or 
have parts unequally luminous ; and that it fhould make 
thofe Rings exceedingly diftin&t and white, although 
it ufually renders Objects confufed and coloured. The 
caufe of thefe things you willunderftand by confidering, 
that all the Rings of Colours are really in the plate, 
when viewed with the naked Eye, although by reafon 
of the great breadth of their circumferences they fo 
much interfere and are blended together,that they feem 
to conftitute an even whitenefs. But when the rays 
pafs through the Prifm to the Eye, the orbits of the 
teveral Colours in every Ring are refracted, fome more 
than others, according to their degrees of refrangibility : 
By which means the Colours on one fide of the Ring 
(that is on one fide of its Center) become more unfolded 
and dilated, and thofe on the other fide more compli- 
cated and contra&ed. And where by a due refraction 
they are fo much contracted, that the fevral Rings be- 
come narrower than to interfere with one another, they 
mufít appear diftin&, and alfo white, if the conftituent 
Colours be fo much contracted as to be wholly coincident. 
But, on the other fide, where the orbit of every Ring 
is made broader by the further unfolding of its Co- 
lours, it muft interfere more with other Rings than 

before, and fo become lefs diftin&. 
To explain this a little further, fuppofe the concen- 
Fig. 7. trick Circles A V, and B X, reprefent the red and violet 
any order, which, together with the intermediate 
Colours, 
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Colours, conftitute any one of thefe Rings. Now thefe 
being viewed through a Prifm, the violet Circle B X, 
will by a greater refraction be further tranflated from 
its place than the red AV, and fo approach nearer to 
it on that fide, towards which the retra&ions are made. 
For inftance, if the red be tranflated to av, the violet 
may be trantlated to 4x, fo asto approach nearer to it 
at x than before, and 1f the red be further tranflated 
to av, the violet may be fo much further tranflated to 
bx as to convene with it at x, and if the red be yet 
further tranflated to « T, the violet may be ftill fo much 
further tranflated to ££ as to pafs beyond it at £, and 
convene with it at e and f. And this being underftood 
not only of the red and violet, but of all the other in- 
termediate Colours, and alfo of every revolution of 
thofe Colours, you will eafily perceive how thofe of the 
fame revolution or order, by their nearnefs at xv and 
T£ and their coincidence at xv, e and f, ought to con- 
ftitute pretty diftin& Arcs of Circles, efpecially at x v, 
or at e and f, and that they will appear feverally at 
xv, and at x v exhibit whitenefs by their coincidence, 
and again appear feveral at T£, but yet in a contrary 
order to that which they had before, and ftill retain 
beyond e and f. But, on the other fide, at a4, a b, 
or «£, thefe Colours muft become much more confu- 
fed by being dilated and fpread fo, as to interfere with 
thofe of other Orders. And the fame confufion will 
happen at * £ between e and f, if the refra&ion be very 
great, or the Prifm very diftant from the ObjeQ-Glafles : 
In which cafe no parts of the Rings will be feen, fave 
only two little Arcs at e and f, whofe diftance from one 
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another will be augmented by removing the Prifim 
ftill further from the Objeét-Glafles: And thefe little 
Arcs mutt be diftincteft and whiteft at their middle,and 
at their ends, where they begin to grow confufed they 
muft be coloured. And the Colours at one end of 
every Arc muft be ina contrary order to thofe at the 
other end, by reafon that they crofs in the interme- 
diate white; namely their ends, which verge towards 
T£ will be red and yellow on that fide next the Cen- 
ter, and blue and violet on the other fide. But their 
other ends which verge from  $ will on the contrary 
be blue and violet on that fide towards the Center, and 
on the other fide red and yellow. 

Now as all thefe things follow from the Properties 
of Light by a mathematical way of reafoning, fo the 
truth of them may be manifefted by Experiments. For 
im a dark room, by viewing thefe Rings through a 
Prifm, by reflexion of the feveral prifmatique Colours, 
which an affiftant caufes to move to and fro upon a 
Wall or Paper from whence they are reflected, whilft 
the Spedaator's Eye, the Prifm and the Objea-Glaffes 
(as in the r3th Obfervation) are placed fteddy : the 
pofition of the Circles made fucceffively by the feveral 
Colours, will be found fuch, in refpect of oneanother, 
as I have defcribed in the Figures adxv, or abx v, 
or «8 £T, And by the fame method the truth. of 
the Explications of other Obfervations may be exa- 
mined. 

By what hath been faid the like Phsnomina of 
Water, and thin plates of Glafs may be underftood. 
But in fmall fragments of thofe plates, there is this 
| further 
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further obfervable, that where they lye flat upon a 
Tableand are turned about their Centers whilft they are 
viewed through a Prifm, they will in fome poftures 
exhibit waves of various Colours, and fome of them ex- 
hibit thefe waves in one or two pofitions only, but the 
moft of them do in all pofitions exhibit them, and make 
them for the moft part appear almoft all over the plates. 
The reafon is, that the fuperficies of fuch plates are not 
even, but have many cavities and fwellings, which how 
{hallow foever do a little vary the thicknefs of the 
plate. For at the feveral fides of thofe cavities, for 
the reafons newly defcribed, there ought to be produ- 
ced waves in feveral poftures of the Prifm.. Now though 
it be but fome very {mall, and narrower parts of the 
Glafs, by which thefe waves for the moft part are cau- 
fed, yet they may feem to extend themfelves over. the 
whole Glafs, becaufe from the narroweft of thofe parts 
there are Colours of feveral Orders that is of feveral 
Rings, confufedly reflected, which by refra&tion of the 
Prifm are unfolded, feparated, and according to their 
degrees of refraction, difperfed to feveral places, fo as to 
conftitute fo many feveral. waves, as there were divers 
orders of Colours promifcuoufly reflected: from that 
part of the Glafs. 

Thefe are the principal Phenomena of thin Plates 
or Bubbles, whote explications depend on.the pro- 
perties of Light, which I have heretofore delivered; 
And thefe you fee do neceffarily follow from them, and 
agree with them, even to their very leaft circum{tanees ; 
and not only fo, but do very much tend to their proof. 
Thus, by the 24th Obfervation, it appears, that the 
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rays of feveral Colours made as well by thin Plates or 
Bubbles, as by refractions of a Prifm, have feveral de- 
grees of refrangibility, whereby thofe of each order, 
which at their reflexion from the Plate or Bubble are 
intermixed with thofe of other orders, are feparated 
from them by refra&tion, and affociated together fo as to 
become vifible by themfelves like Arcs of Circles. For 
if the rays were all alike refrangible, 'tis impoffible that 
the whitenefs, which to the naked fence appears uni- 
form, fhould by refra&ion have its parts tranfpofed and 
ranged into thofe black and white Arcs. 

It appears alfo that the unequal refraCtions of dif 
form rays proceed not from any contingent irregulari- 
ties ; fuch as are veins, an uneven polifh, or fortuitous 
pofition of the pores of Glafs ; unequal and cafual mo- 
tions in the Air or Ether ; the fpreading, breaking, or 
dividing the fame ray into many diverging parts, or 
the like. For, admitting any fuch irregularities, it would 
be impoffible for refractions to render thofe Rings fo 
very diftinét, and well defined, as they do in the 
24th Obfervation. It is neceflary therefore that eve- 
ry ray have its proper and conftant degree of refran- 
sibility connate with it,according to which its refraction 
is ever juftly and regularly performed, and that feve- 
ral rays have feveral of thofe degrees. 

And what is faid of their refrangibility may be alfo 
underftood of their reflexibility, that is of their difpo- 
fitions to be refleted fomeat a greater, and others ata 
lefs thicknefs, of thin Plates or Bubbles, namely, that 
thofe difpofitions are alfo connate with the rays, and 
ammutable ; as may appear by the 13th, 14th, — 
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rsth Obfervations compared with the fourth and 
eighth. 

By the precedent Obfervations it appears alfo, that 
whitenefs ts a diffimilar mixture of all Colours, and that 
Light isa mixture of rays indued with all thofe Co- 
lours. For confidering the multitude of the Rings of 
Colours, in the 3d, 12th and 24th Obfervations, it is 
manifeft that although tn the 4th and 18th Obferva- 
tions there appear no more than eight or nine of thofe 
Rings, yet there are really a far greater number, which 
fo much interfere and mingle with one another, as after 
thofe eight or nine revolutions to dilute one another 
wholly, and conítitute an even and fenfibly uniform 
whitenefs. And confequently that whitenefs muft be 
allowed a mixture of all Colours, and the Light which 
conveys it to the Eye muft bea mixture of rays indued. 
with all thofe Colours. 

But further, by the 24th Obfervation, it appears, 
that there 1s a conftant relation between Colours and 
Refrangibility, the moft refrangible rays being violet, 
the leaft refrangible red, and thofe of intermediate Co- 
lours having proportionably intermediate degrees of re- 
frangibility. And by the 13th, 14th and 15th Obfer- 
vations, compared with the 4th or 18th, there appears 
to be the fame conftant relation between Colour and 
Reflexibility, the violet being in like circumftances re- 
flected at leaft thickneffes of any thin Plate or Bubble,. 
the red at greateft thicknefles, and the intermediate. 
Colours at intermediate thickneffes. Whence it fol- 
lows, that the colorifique difpofitions of rays are alfo. 
connate with them.and immutable, and by confequence 

that 


[ 48 ] 


that all the produ&ions and appearances of Colours 
in the World are derived not from any phyfical change 
caufed in Light by refraction or reflexion, but only 
from the various mixtures or feparations of rays, by 
virtue of their different Refrangibility or Reflexibility. 
And in this refpe& the Science of Colours becomes a 
Speculation as truly mathematical as any other part of 
Optiques. I mean fo far as they depend on the nature 
of Light, and are not produced or altered by the power 
of imagination, or by ftriking or prefling the Eyes. 
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SECOND BOOK 


OPTXICKkS 


Of the permanent Colours. of natural Bodies, and tbe 
Analogy between them and the Colours of thin tran[- 
parent PI ates. 


Am now come to another part of this Defign, which 

is to confider how the Phenomena of thin tranfpa- 
rent Plates ftand related to thofe of all other natural 
Bodies. Of thefe Bodies I have already told you that 
they appear of divers Colours, accordingly as they are 
difpofed to refle& moft copioufly the rays originally 
indued with thofe Colours. But their Conftitutions,, 
whereby they refle& fome rays more copioufly than 
others, remains to be difcovered, and thefe I fhall en- 
deavour to manifeft in the following Propofitions. 


Hh PROP. 
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T hofesuperfictes of tranf parent Bodies reflect tbe wreateft 
quantity of Light, which have the greateft refracting power; 
that is, which intercede mediums that differ moft in their 
refractive denfities. And in the confines of equally re- 
fracling meditims tbereds no reflexion. 

The Analogy between reflexion and refraction will 
appear by confidering, that when Light paffeth. ob- 
Itquely out-of one medium into another which refracts 
from the perpendicular, the greater is difference |. of 
their refractive denfity, the lefs obliquity is requifite 
to caufe a total reflexion. For as the Sines are which 
meafure the refraction, fo is the Sine of incidence at 
which the total reflexion begins, to the radius of the 
Circle, and confequently that incidence is leaft where 
there 1s the greateft difference of the Sines. Thus in the 
paffing of Light out of Water into Air, where the 
refraétion is meafured by the Ratio of the Sines 3 to 4, 
the total reflexion begins when the Angle of incidence 
is about 48 degrees 35 minutes. In paffing out of Glafs 
into Air, where the refraction is meafured by the Ratio 
of the Sines 20 to 31, the total reflexion begins when 
the Angle of incidence is 40 deg. 10 min. and fo in 
paffing out of cryftal, or more ftrongly refracting me- 
diums into Air, there is ftill a lefs obliquity requifite 
to caufe a total reflexion. Superficies therefore which 
refra& moft do fooneft reflect all the Light which 1s in- 
cident on them, and fo muft be allowed moft ftrongly 
reflexive. 
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But the truth of this Propofition will further appear 
by obferving, that in the fuperficies interceding two 
tranfparent mediums, fuch as are (Air, Water,Oyl,Com- 
mon-Glafs, Cryftal, Metalline-Glaffes , Ifland-Glaffes, 
white tranfparent Arfnick, Diamonds, (9c. ) the re- 
flexion is ftronger or weaker accordingly, as the fuper- 
ficies hath a greater or lefs refra&ting power. For in 
the confine of Air and Sal-gemm “tis ftronger than in 
the confine of Air and Water, and ftill ftronger in the 
confine of Air and Common-Glafs or Cryftal,and ftronger 
in the confine of Air and a Diamond. If any of thefe,and 
fuch like tranfparent Solids, be immerged in Water, its 
reflexion becomes much weaker than before, and ftill 
weaker if they be immerged in the more ftrongly re- 
fracting Liquors of well-re&ified oyl of Vitriol or fpirit 
of Turpentine. If Water be diftinguifhed into two parts, 
by any imaginary furface, the reflexion in the confine 
of thofe two parts 1s none at all. In the confine of Wa- 
ter and Ice 'tis very little, in that of Water and Oyl "tis 
fomething greater, in that of Water and Sal-gemm ftill 
greater, and 1n that of Water and Glaís, or Cryftal, or 
other denfer fubítances ftill greater, accordingly as thofe 
mediums differ more or lefs in their refraódting powers. 
Hence in the confine of Common-Glafs and. Cryftal, 
there ought to be a. weak reflexion, and a iftronger re- 
flexion in the confine of Common and Metalline-Glafs, 
though I have not yet tried this. But, in the confine of 
two Glafles of equal denfity, there is not any fenfible re- 
flexion, as was fhewn 1n the firft Obfervation. And 
the fame may be underftood of the fuperficies interce- 
ding two Cryftals, or two Liquors, or any other Sub- 
{tances in which no refra&ion 1s caufed. So then the 
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reafon why uniform pellucid mediums, (fuch as Water, 
Glafs, or Cryftal) have no fenfible reflexion but in 
their external fuperficies, where they are adjacent to 
other mediums of a different denfity, is becaufe all 
their contiguous parts have one and the fame degree 
of denfity. 


PISO Lory) LL 


T be leaft parts of almoft al natural Bodies are in [ome 
meafure iran[parent : And the opacity of thofe Bodies 
arifeth from tbe multitude of reflexions caufed 1n their in- 
ternal Parts. 

That this is fo has been obferved by others, and 
will eafily be granted by them that have been conver- 
fant with Mifcrofcopes. Andit may be alfo tryed by 
applying any fubftance to a Hole through which fome 
Light is immitted into a dark room. For how opake 
foever that fubftance may feem in the open Air, it will 
by that means appear very manifeftly tranfparent, if 
it be of a fufficient thinnefs. Only white metalline Bo- 
dies muft be excepted, which by reafon of their excef- 
five denfity feem to refle& almoft all the Light inci- 
dent on their firft fuperficies , unlefs by folution in 
menftruums they be reduced into very {mall particles, 
and then they become tranfparent. 


FUER Os or TIE 


Between the parts of opake and coloured Bodies are 
many [paces, euber empty or replenifbed, with mediums 
of other denfities ; as Water between tbe tinging corpu|cles 
wherewith any Liquor i$ impregnated, iv between the 
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aqueous globules that con[Hitute Clouds or Mifts ; and for 
the mofl- part [paces void of both Air and Water, but yet 
perbups not wholly void of all fubftance, betaween the parts 
of hard Bodtes 

The truth E^ this 1s. evinced by the two precedent 
Propofitions : For by the fecond Propofition there are 
many reflexions made by the internal parts of Bodies, 
which, by the firft Propofition, would not happen if 
the parts of thofe Bodies were continued without any 
fuch interftices between them, becaufe reflexions are 
caufed only in fuperhcies, which intercede mediums of 
a differing denfity by Prop. 1 

But further, that this difcontinuity of parts 1s the 
principal ca aufe of the opacity of Bodies, will appear by 
confidering, that opake fubftances become tranfparent 
by filling their pores with any fubftance of equal or al- 
moft equal denfity with their parts. Thus Pa Aper dip- 
ped in Water or Oyl, the Qculus mund Stone fteep'd in 
Water, Linnen-cloth oyled or varnifhed, and many other 
fubftances foaked in luch Liquors as will intimately 
pervade their little pores, become by that means more 
tranfparent than otherwife ; fo, on the contrary, the 
moft tranfparent fubftances may by evacuating their 
pores, or feparating their parts, be rendred fufhciently 
opake, as Salts or wet Paper, or the Oculus mund: Stone 
by being dried, Horn by being fcraped, Glafs by being 
reduced. to powder, or otherwife flawed, | Turpen- 
tine by being ftirred about with Water till they mix 
imperfectly , and Water by being formed into many 
{mall ll Bubbles, either alone in the form of froth, or 
by fhaking it together with Oyl of Turpentine, or 
with fome other convenient Liquor, with which it will 
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not perfectly incorporate. And to the increafe of the 
opacity of thefe Bodies it conduces fomething, that by 
the 23th Obfervation the reflexions of very thin trant- 
parent fubftances are confiderably ftronger than thofe 
made by the fame fubftances of a greater thicknefs. 


Ri RQ Po IV. 


The parts of Bodies and their Interflices muft not be 
le[s than of [ome defimite Pigne[s, to render them opake and 
coloured. 

For the opakeft Bodies, if their parts be fubtily 
divided, (as Metals by being diffolved in acid men- 
ftruums, 9c.) become perfectly tranfparent. And you 
may alfo remember, that in the eighth Obfervation 
there was no fenfible reflexion at the fuperficies of 
the Objed-Glaffes where they were very near one 
another, though they did not abfolutely touch. And 
in the r 7th Obfervationthe reflexion of theWater-bubble 
where it became thinneft was almoft infenfible, fo as 
to caufe very black Spots to appear on the top of the 
Bubble by the want of reflected Light. 

On thefe grounds ] perceive it is that Water, Salt, 
Glafs, Stones, and fuch like fubftances, are tranfparent. 
For, upon divers confiderations, they feem to be as full 
of pores or interftices between their parts as other Bo- 
dies are, but yet their parts and interftices to be too 
{mall to caufe reflexions in their common furfaces. 
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PR. D.:YX. 


T be tran[parent parts of Bodies according to thew fe- 
veral fixes muft reflect rays of one Colour, and tran[mzt 
thofe of another, on the fame grounds that thin Plates or 
Bubbles do reflect or tran[mit thofe rays. And this I take 
to be the ground. of all thew Colours. 

For ifa thin'd or plated Body, which being of an 
even thicknefs, appears all over of one uniform Co- 
lour, fhould be {lit into threds, or broken into frag- 
ments, of the fame thicknefs with the plate; | fee no 
reafon why every thred or fragment fhould not keep its 
Colour, and by confequence why a heap of thofe threds 
or fragments {hould not conftitute a ma{s or powder of 
the fame Colour, which the plate exhibited before it 
was broken. And the parts of all natural Bodies being 
like fo many fragments of a Plate, muft on the fame 
grounds exhibit the fame Colours. 

Now that they do fo, will appear by the affinity of 
their properties. The finely coloured Feathers of fome 
Birds, and particularly thofe of Peacocks Tails, do in 
the very fame part of the Feather appear of feveral Co- 
lours in feveral pofitions of the Eye, after the very fame 
manner that thin Plates were found to do in the 7th 
and 19th Obfervations, and therefore arife from the 
thinnefs of the tranfparent parts. of the Feathers ; that 
is, from the flendernefs of the very fine Hairs, or Capilla- 
menta, which grow out of the fides of the grofler late- 
ral branches or fibres of thofe Feathers. And to the 
fame purpofe it is, that the Webs of fome Spiders by 
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being {pun very fine have appeared coloured, as fome 
have obferved, and that the coloured fibres of fome filks 
by varying the pofition of the Eye do vary their Co- 
lour. Alto the Colours of filks, cloths, and other fub- 
ftances, which Water or Oyl can intimately penetrate, 
become more faint and obfcure by being immerged in 
thofe liquors, and recover their vigor again by being 
dried, much after the manner declared of thin Bodies 
in the roth and 21th Obfervations. Leaf-gold, fome 
forts of painted Glafs, the infufion of Lignum Nephri- 
ticum, and fome other fubftances reflect one Colour, 
and tranfmit another, like thin Bodies in the gth and 
aoth Obfervations. And fome of thofe coloured pow- 
ders which Painters ufe, may have their Colours a little 
changed, by being very elaborately and finely ground. 
Where I fee not what can be juftly pretended for thofe 
changes, befides the breaking of their parts into lefs 
parts by that contrition after the fame manner that the 
Colour of a thin Plate is changed by varying its thick- 
nefs. For which reafon alfo it 1s that the coloured flowers 
of Plants and Vegitables by being’bruifed ufually be- 
come more tranfparent than before, or at leaft in fome 
degree or other change their Colours. Nor is it much 
lefs to my purpofe, that by mixing divers liquors very 
odd and remarquable productions and changes of Co- 
lours may be effected, of which no caufe can be more 
obvious and rational than that the faline corpufcles of 
one liquor do varioufly a&t upon or unite with the 
tinging corpufcles of another, fo as to make them fwell, 
or fhrink. (whereby not only their bulk but their den- 
hty alfo may be changed ) or to divide them into 
{maller corpufcles, (whereby a coloured liquor may be- 
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come tranfparent) or to make many of them affociate 
into one clufter, whereby two tranfparent liquors may 
compofe a coloured one. For we fee how apt thofe 
faline menftruums are to penetrate and diffolve fub- 
ftances to which they are applied, and fome of them 
to precipitate what others diffolve. In like manner, if 
we confider the various Phenomena of the Atmofphere, 
we may obferve, that when Vapors are firft.raifed, they 
hinder not the tranfparency of the Air, being divided 
into parts too {mall to caufe any reflexion in their füper- 
ficies. But when in order to compofe drops of rain they 
begin to coalefce and conftitute globules of all inter- 
mediate fizes, thofe globules when they become of a 
convenient fize to refle& fome Colours and tranfmit 
others, may conftitute Clouds of various Colours accor- 
ding to their fizes. And I fee not what can be ratio- 
nally conceived in fo tranfparent a fubftance as Water for 
the production of thefe Colours, befides the various 
fizes of its fluid and globuler parcels. 


FIR ee. VE 
Lhe parts of Bodies on which their Colours depend, 


are denfer than tbe medium, which pervades their ine 
ter vices. 
This will appear by confidering, that the Colour of 
a Body depends not only on the rays which are inci- 
dent perpendicularly on its parts, but on thofe alfo 
which are incident at all other Angles. And that ac- 
cording to the 7th Obfervation, a very little variation 
of obliquity will change the refle&ed Colour where the 
thin body or fmall particle is rarer than the ambient 
11 medium, 
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medium, infomuch that fuch a (mall. particle will at di- 
verily oblique incidences reflect all forts of Colours, in 
fo great a variety that the Colour refulting from them 
all, confufedly reflected from a heap of fuch particles, 
muft rather. be à white or grey than any other Colour, 
or at beft it muft be buta very imperfect and dirty Co- 
lour. Whereas if the thin body or fmall particle be 
much denfer than: the ambient medium, the Colours 
according to the 19th Obfervation are fo little changed 
by, the variation of obliquity, that the rays which are 
reflected. leaft-obliquely may predominate over the reft 
fo-much as to caufe a heap of fuch particles to appear 
very. intenfly. of their Colour. 

It conduces alfo fomething to the confirmation of this 
Propofition, that, according to the 22th Obfervation, 
the:Colours exhibited. by the denfer thin body within 
therarer, are more brifque tham thofe exhibited: by the 
raren within the denfer. 


TR Qu CNUE 


T be bignefs of the component parts of natural Bodies 
may: be conjectured: by, ther Colours. 

For fince the parts. of thefe Bodies by Prop. 5. do 
moft probably exhibit the fame Colours witha Plate of 
equal thicknefs, provided:they: have the fame refractive 
denfaty ; and: fice their parts feém for the moft part to 
have much the fame denfity: with Water or Glafs, as 
by, many. circumftances is obvious to collect ; to deter- 
mine:the fizes of thofe parts you need only have recourfe 
to, the precedent Tables, imwhich: the thicknets. of. Wa- 
ter: or. Glaífs exhibiting any Colour. is expreffed. Thus 
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if it be defired to know the Diameter ofa ‘corputcle, 
which being of equal denfity with 'Glafs fhall refle& 
green of the third order; the number 16! fhews it to 
be. "5i parts of an Inch. 

The greateft difficulty is here to know of what order 
the Colour of any Body is. And for this end we muft 
have recourfe to the 4th and 18th Obfervations, from 
whence may be colle&ed thefe particulars. | | | 

Scarlets, and other reds, oranges and yellows, if they 
be pure and intenfe are moft probably of the fecond or- 
der. Thote of the firft and third order alfo may be 
pretty good, only the yellow of the firft order is faint, 
and the orange and red of the third order have a great 
mixture of violet and blue. 

There may be good greens of the fourth order, but 
the pureft are of the third. And of this order the green 
of all vegitables feem to be, partly by reafon of the an- 
tenfenefs of their Colours, and partly becaufe when 
they wither fome of them turn to a greenifh yellow, 
and others to a more perfect yellow or orange, or per- 
haps to red, pafling firft through all the aforefaid in- 
termediate Colours. Which changes feem to be effected 
by the exhaling of the moifture which may leave the 
tinging corpuícles more denfe, and fomething augmen- 
ted by the accretion of the oyly and earthy part of 
that moifture. Now the green without doubt is of the 
fame order with thofe Colours into which it changeth, 
becaufe the changes are gradual, and thofe Colours, . 
though ufually not very full, yet are often too full and... : 
lively to be of the fourth order., 
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Bluesand purples may be either of the fecond or third 
order, but the beft are of the third. Thus the Colour 
of violets feems to be of that order, becaufe their Syrup 
by acid Liquors turns red, and by urinous and alcali- 
zale turns green. For fince it 1s of the nature of Acids 
to diffolve or attenuate, and of Alcalies to precipitate 
or incraffate, if the purple Colour of the Syrup was of 
the fecond order, an acid Liquor by attenuating its ting- 
ing corpufcles would change it to a red of the firft 
order, and an Alcaly by incraffating them would change 
it to a green of the fecond order ; which red and green, 
efpecially the green, feem too imperfect to be the Co- 
lours produced by thefe changes. But if the faid purple 
be fuppofed of the third order, its change to red of the 
fecond, and green of the third, may without any in- 
convenience be allowed. 

If there be found any Body ofa deeper and lefs red- 
difh purple than that of the violets, its Colour moft 
probably is of the fecond order. But yet their being 
no Body commonly known whofe Colour is conftantly 
more deep than theirs, I have made ufe of their name to 
denote the deepeft and leaft reddifh purples, fuch as 
manifeftly tranicend their Colour in purity. 

The lue of the firft order, though very faint and 
little, may poffibly be the Colour of fome fubftances ; 
and particularly the azure Colour of the Skys feems to 
be of this order. Forall vapours when they begin to 
condenfe and coalefce into fmall parcels, become firft of 
that bignefs whereby fuch an Azure muft be reflected 
before they can conftitute Clouds of other Colours. And 
fo this being the firft Colour which vapors begin to 
reflect, it ought to be the Colour of the fineft and moft 
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tranfparent Skys in which vapors are not arrived to that 
grofnefs requifite to reflect other Colours, as we find it 
is by experience. 

W hitenefs, 1f moft intenfe and luminous, is that of the 
firft order, if lefs ftrong and luminous a mixture of the 
Colours of feveral orders. Of this laft kind is the 
whitenefs of Froth, Paper, Linnen, and moft white fub- 
{tances ; of the former | reckon that of white metals to 
be. For whilft the denfeft of metals, Gold, if foliated 
is tranfparent, and all metals become tranfparent if 
diffolved in menftruums or vitrified, the opacity of 
white metals arifeth not from their denfity alone. They 
being lefs denfe than Gold would be more tranfparent 
than it, did not fome other caufe concur with their den- 
ity to make them opake. And this caufe I take to be 
fuch a bignefs of their particles as fits them to refle& 
the white of the firft order. For if they be of other 
thicknefles they may refle& other Colours, as 1s mani- 
feft by the Colours which appear upon hot Steel in tem- 
pering it, and fometimes upon the furface of melted 
metals in the Skin or Scoria which arifes upon them in 
their cooling. And as the white of the hirft order is 
the ftrongeft which can be made by Plates of tranfparent 
fubftances, fo it ought to be ftronger in the denfer fub- 
ftances of metals. than in the rarer of Air, Water and 
Glafs. Nor do I fee but that metallic fubftances of fuch 
a thicknefs as may fit them to refle& the white of the 
firft order, may, by reafon of their great denfity (accor- 
ding to the tenour of the firft of thefe Propofitions) re- 
flect all the Light incident upon them, and fo be as 
opake and fplendent as its poffible for any Body to be. 


Gold, or Copper mixed with lefs than half their a 
of. 
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of Silver, or Tin, or Regulus of Antimony, in fufion 
or amalgamed with a very little Mercury become white; 
which fhews both that the particles of white metals 
have much more fuperficies, and fo are {maller, than 
thofe of Gold and Copper, and alfo that they are io 
opake as not to fuffer the particles of Gold or Copper to 
(hine through them. Now it 1s fcarce to be doubted, 
but that the Colours of Gold and Copper are of the te- 
cond or third order, and therefore the particles of white 
metals cannot be much bigger than is requifite to make 
them refle& the white of the firft order. ‘The volati- 
lity of Mercury argues that they are not much bigger, 
nor may they be much lefs, leaft they lofe their opacity, 
and become either tranfparent as they do when attenua- 
ted by vitrification, or by folution in menftruums, or 
black as they do when ground {maller, by rubbing Sil- 
ver,or Tin, or Lead, upon other fubftances to draw black 
Lines. ‘The firft and only Colour which white metals 
take by grinding their particles fmaller 1s black, and 
therefore their white ought to be that which borders 
upon the black Spot in the center of the Rings of Co- 
lours, that is, the white of the firft order. But if you 
would hence gather the bignefs of metallic particles, 
you muft allow for their denfity. For were Mercury 
tranfparent, its denfity is fuch that the Sine of inct- 
dence upon it (by my computation) would be to the 
fine of its refrattion, as 71 to 20, or 7 to 2. And 
therefore the thicknefs of its particles, that they may 
exhibit the fame Colours with thofe of Bubbles of Wa- 
ter, ought to belefs than the thicknefs of the Skin of 
thofe Bubbles in the proportien of 2 to 7. Whence 
its poffible that the particles of Mercury may be as little 
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as the particles of fome tranfparent and volatile. fluids, 
and yet reflect the white of the firft order. 

Laftly, for the production of Zlack, the corpufcles 
muft be lefs than any of thofe which exhibit Colours. 
For at all greater fizes there is too much Light refle- 
Ged to conftitute this Colour. But if they be fuppo- 
fed a little lefs than 1s requifite to reflect the white and 
very faint blue of the firft order, they will, according 
to the 4th, 8th, 17th and) 18th Obfervations, reflect 
fo very little as to appear intenfly black, and’ yet may 
perhaps variouily refract it to and fro within them- 
felves fo long, until it happen to be ftifled and loft, 
by which means: they will appear black in all pofitions 
of the Eye without any tranfparency. And from hence 
may be underftood why Fire, and the more fubtile 
diflolver Putrefaction, by. dividing the particles of fub- 
ftances,. turn them to black, why fmall quantities of 
black fubftances impart their Colour very freely and in- 
tenfly to other fubftances to which they are applied ; 
the minute particles of thefe, by reafon of their very 
great number, eafily overfpreading the grofs particles 
of others ; why Glafs ground very elaborately with 
Sand on a: copper Plate, 'till it be well polifhed, makes 
the Sand, together with what 1s worn off from the Glafs 
and Copper, become very black: why black fubftances 
do foonett of all others become hot in the Sun's Light 
and burn, (which effe& may proceed. partly from the 
multitude of refractions in a little room, and partly 
from the eafy commotion of fo very {mall corpufcles ; ) 
and why blacks are ufually a little inclined to a bluifh 
Colour. For that they are fo may be feen by illumina- 
ting white Paper by Light retlected. from black fub- 
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ftances. For the Paper will ufually appear of a bluifh 
white; and the reafon is, that black borders on the 
obfcure blue of the firft order defcribed in the 18th 
Obfervation, and therefore reflects more rays of that 
Colour than of any other. 

In thefe Defcriptions I have been the more particu- 
lar, becaufe it is not impoffible but that Mifcrofcopes 
may at length be improved to the difcovery of the 
particles of Bodies on which their Colours depend, if 
they are not already in fome meafure arrived to that de- 
sree of perfe&ion. For if thofe Inftruments are or can 
be fo far improved as with fufficient diftin&nefs to re- 
prefent Objedts five or fix hundred times bigger than 
at a Foot diftance they appear to our naked Eyes, I 
fhould hope that we might be able to difcover fome of 
the greateft of thofe corpufcles. And by one that would 
magnify three or four thoufand times perhaps they 
might all be difcovered, but thofe which produce black- 
nefs. In the mean while I fee nothing material in this 
Difcourfe that may rationally be doubted of excepting 
this Pofition, That tranfparent corpufcles of the fame 
thicknefs and denfity with a Plate, do exhibit the fame 
Colour. And this | would have underftood not with- 
out fome latitude, as well becaufe thofe corpufcles may 
be of irregular Figures, and many rays mutt be oblique- 
ly incident on them, and fo havea fhorter way through 
them than the length of their Diameters, as becaufe the 
ftraitnefs of the medium pent in on all fides within fuch 
corpufcles may a little alter its motions or other qua- 
lities on which the reflexion depends. But yet I can- 
not much fufpect the laft, becaufe I have obferved of 
fome {mall Plates of Mufcovy-Glafs which were of an 
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even thicknefs, that through a Mifcrofcope they have 
appeared of the fame Colour at their edges and cor- 
ners where the included medium was terminated, which 
they appeared of in other places. However it will add 
much to our fatisfaCtion, if thofe corpufcles could be dif- 
eovered with Mifcrofcopes ; which if we fhall at length 
attain to, I fear it will be the utmoft improvement of 
this fenfe. For it feems impoffible to fee the more fe- 
cret and noble works of nature within the corpufcles 
by reafon of their tranfparency. 


ERO o VIILL 


T be caufe of Reflexion 1s not the impinging of Light on 
the folid or umpervious parts of Bodies, as s commonly be- 
lieved. 

This will appear by the following Confiderations. 
Firft, That in the paflage of Light out of Glafs into 


Air there is a reflexion as ftrong as in its paflage out of 
Air into Glafs, or rather a little ftronger, and by many 
degrees ftronger than in its pafflage out of Glafs into 
Water. And it feems not probable that Air fhould have 
more refleding parts than Water or Glafs. But if that 
fhould poffibly be fuppofed, yet 1t will avail nothing ; 
for the reflexion is as {trong or ftronger when the Air is 
drawn away from the Glafs, (fuppofe 1n the Air-pump 
invented by Mr. Boyle ) as when it is adjacent to it. 
Secondly, If Light in its paffage out of Glafs into Air 
be incident more obliquely than atan Angle of 40 or 
41 degrees it is wholly reflected, if lefs obliquely it is 
in great meafure tranfmitted. Now it is not to be ima- 
cgined that Light at one degree of obliquity fhould meet 
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with pores enough in the Air to tranfmit the greater 
part of it, and at another degree of obliquity fhould 
meet with nothing but parts to refle& it wholly, efpe- 
cially confidering that in its paflage out of Air into 
Glafs, how oblique foever be its incidence, it finds 
pores enough in the Glafs to tranfmit the greateft part 
ofit. lfany Man fuppofe that it is not reflected by the 
Air, but by the outmoft fuperficial parts of the Glafs, 
there is ftill the fame difficulty : Befides, that fuch a 
Suppofition is unintelligible, and will alfo appear to be 
falte by applying Water behind íome part of the Glats 
inftead of Air. For fo in a convenient obliquity of the 
rays fuppofe of 45 or 46 degrees, at which they are all 
retleded where the Air is adjacent to the Glafs, they 
fhall be in great meafure tranfmitted where the Water 
is adjacent to 1t; which argues, that their reflexion 
or tranfmiffion depends on the conftitution of the Air 
and Water behind the Glafs, and not on the ftriking 
off the raysupon the parts of the Glafs. Thirdly, If 
the Colours made by a Prifm placed at the entrance of 
a beam of Light into a darkened room be fucceffively 
caft on a fecond Pri(m placed at a greater diftance from 
the former, in fuch manner that they are all alike inci- 
dent upon it, the fecond Prifm may be fo inclined to 
the incident rays, that thofe which are of a blue Colour 
fhall be all reflected by it, and yet thofe of a red Colour 
pretty copioufly tranfmitted. Now if the reflexion be 
caufed by the parts of Air or Glafs, 1 would ask, why 
at the fame obliquity of incidence the blue fhould whol- 
ly impinge on thofe parts fo as to be all reflected, and 
yet the red find pores enough to be in great meafure 
tranfmitted. Fourthly, where two Glatles touch one 
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another, there is no fenfible reflexion as was declared 
in the firft Obfervation ; and yet I fee no reafon why 
the rays fhould not impinge on the parts of Glaís as 
much when contiguous to other Glafs as when con- 
tiguous to Air. Fifthly, When the top of a Water- 
bubble (in the 17th Obfervation) by the continual fub- 
fiding and exhaling of the Water grew very thin, there 
was fuch a little and almoft infenfible quantity of Light 
refle&ted from it, that it appeared intently black ; where- 
as round about that black Spot, where the Water was 
thicker, the reflexion was fo ftrong as to make the 
Water feem very white. Nor is it only at the leaft 
thicknefs of thin Plates or Bubbles, that there is no 
manifeft reflexion, but at many other thicknefles con- 
tinually greater and greater. For in the 15th Obfer- 
vation the rays of the fame Colour were by turns tranf- 
mitted at one thicknefs, and reflected at another thick- 
nefs, for an indeterminate number of fucceffions. And 
yet in the fuperficies of the thinned Body, where it is 
of any one thicknefs, there are as many parts for the 
rays to impingeon, as where it 1s of any other thick- 
nefs. Sixthly, If reflexion were caufed by the parts of 
retle&ing Bodies, it would be impofhble for thin Plates 
or Bubbles at the fame place to reflect the rays of one 
Colour and tranímit thofe of another, as they do accor- 
ding to the 13th and 15th Obfervations. For it is 
not to be imagined that at one place the rays which 
for inftance exhibit a blue Colour, fhould have the for- 
tune to dafh upon the parts, and thofe which exhibit 
a red to hit upon the pores of the Body ; and then at 
another place, where the Body is either a littlethicker, 
or a little thinner, that on the contrary the blue fhould 
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hit upon its pores, and the red upon its parts. Latftly, 
were the rays of Light refle&ed by impinging on the 
folid parts of Bodies, their reflexions from polifhed Bo- 
dies could not be fo regular as they are. For in po- 
lifhing Glafs with Sand, Putty or Tripoly, itis not to 
be imagined that thofe fubftances can by grating and 
fretting the Glafs bring all its leaft particles to an ac- 
curate polifh ; fo that all their furfaces fhall be truly 
plain or truly fpherical, and look all the fame way, fo 
as together to compofe one even furface. The fmaller 
the particles of thofe fubftances are, the {maller will 
be the fcratches by which they continually fret and wear 
away the Glafs until it be polifhed, but be they never 
fo {mall they can wear away the Glafs no otherwife 
than by grating and fcratching it, and breaking the 
proturberances , and therefore polifh 1t no otherwife 
than by bringing its roughnefs to a very fine Grain, fo 
that the fcratches and frettings of the furface become 
too fmall to bevifible. And therefore if Light were 
reflected by impinging upon the folid parts of the Glafs, 
it would be {cattered as much by the moft polifhed 
Glafs as by the rougheft. So then it remains a Pro- 
blem, how Glafs polifhed by fretting fubftances can re- 
fleà Light fo regularly as it does. And this Problem 
is fcarce otherwife to be folved than by faying, that 
the reflexion ofa ray is effe&ed, not by a fingle point of 
the reflecting Body, but by fome power of the Body 
which is evenly diffufed all over its furface, and by 
which it a&ts upon the ray without immediate contact. 
For that the parts of Bodies do aét upon Light at a di- 
ftance fhall be fhewn hereafter. 
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Now if Light be reflected not by impinging on the 
folid parts of Bodies, but by fome other principle ; its 
probable thatas many of its rays as impinge on the 
folid parts of Bodies are not reflected but ftifled and 
loft in the Bodies. For otherwife we muft allow two 
forts of reflexions. Should all the rays be reflected which 
impinge on the internal parts of clear Water or Cryftal, 
thofe fubftances would rather have a cloudy Colour 
than a clear tranfparency. To make Bodies look black, 
its neceffary that many rays be ftopt, retained and loft 
in them, and it feems not probable that any rays can 
be ftopt and ftifled in them which do not impinge on 
their parts. 

And hence we may underftand that Bodies are much 
more rare and porous than is commonly believed. Wa- 
ter is 19 times lighter, and by confequence 19 times 
rarer than Gold, and Gold is fo rare as very readily 
and without the leaft oppofition to tranfmit the mag- 
netick Effluvia, and eafily to admit Quick-filver into 
its pores, and to let Water pafs through it. Fora con- 
cave Sphere of Gold filled with Water, and fodered up, 
has upon preffing the Sphere with great force, let the 
Water fqueeze through it, and ftand all over its out- 
fide in multitudes of fmall Drops, like dew, without 
burfting or cracking the Body of the Gold as I have 
been informed by an Eye-witnefs. From all which we 
may conclude, that Gold has more pores than folid 
parts, and by confequence that Water has above forty- 
times more pores than parts. And he that (hall find out 
an Hypothefis,. by which Water may be fo rare, and yet 
not be capable of compreffion by force, may doubtlefs 
by the fame Hypothefis make Gold and Water, and all 
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other Bodies as much rarer as he pleafes, fo that Light 
may find a ready paflage through tranfparent {ub- 
ftances. 


PROP. 4X. 


Bodies vefle. and refract Light by one and the [ame 
power variou[ly exercifed in various circumfiances. — 
This appears by feveral Confiderations. Firft, Be- 
caufe when Light goes out of Glafs into Air, as ob- 
liquely as it can poffibly do, if its incidence be made 
ftill more oblique, it becomes totally reflected. For 
the power of the Glafs after it has refracted the Light 
as obliquely as is poffible if the incidence be ftill made 
more oblique, becomes too ftrong to let any of its rays 
go through, and by confequence caufes total reflexions. 
Secondly, Becaufe Light is alternately refle&ed and 
tranfmitted by thin Plates of Glafs for many fucceffions 
accordingly, as the thicknefs of the Plate increafes 
in an arithmetical Progreffion. For here the thicknefs 
of the Glafs determines whether that power by which 
Glafs acts upon Light fhall caufe it to be reflected, or 
fuffer it to be tranfmitted. And, Thirdly, becaufe thofe 
furfaces of tranfparent Bodies which have the greateft 
refracting power, refle&t the greateft quantity of Light, 
as was fhewed in the firft Propofition. 


DO QUP.- X. 


If Light be fowifter im Bodies than in Vacuo in the 
proportion of the Sines which meafure the refraction of the 
Bodies, the forces of the Bodtes to reflect and rvefract Light, 

are 
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ave very nearly proportional to the denfittes of the [ame 
Bodies, excepting that unctuous and [ulpbureous Bodies ve. 
frac more than others of this [ame denfity. 

Let A B reprefent the refracting plane furface of any 
Body, and 1 C a ray incident very obliquely upon the 


Body in C, fo that the Angle ACI may be infinitely 
little, and let CR be the refracted ray. From a given 
point B perpendicular to the refracting furface eredt 
BR meeting with the refracted ray CR in R, and if 
CR reprefent the motion of the refracted ray, and this 
motion be diftinguifhed into two motions Ch and BR, 
whereof CB isa parallel to the refra&ing plane, and 
BR perpendicular to it : CB fhall reprefent the motion 
of the incident ray, and BR the motion generated by 

the refraction, as Opticians have of late explained. 
Now if any body or thing in moving through any 
fpace of a giving breadth terminated on both fides by 
two parallel plains, be urged forward inall parts o: 
that {pace by forces tending directly forwards towards 
the laft plain, and before its incidence on the hrft 
plane, had no motion towards it, or but an inünitly 
little one ; and if the forces in all parts of that fpace, 
between the planes be at equal diftances from the planes 
equal to one another, but at feveral diftances be bigger 
or lefs in any given proportion, the motion generated 
by the forces in the whole paffage of the body or thing 
through 
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through that {pace fhall be in a fubduplicate proportion 
of the forces, as Mathematicians will eafily underftand. 
And therefore if the fpace of activity of the refracting 
fuperficies of the Body be confidered as fuch a fpace, 
the motion of the ray generated by the refracting force 
of the Body , during its paffage through that fpace 
that is the motion BR muft be in a fubduplicate 
proportion of that refra&ting force : I fay therefore that 
the fquare of the Line BR, and by confequence the 
refracting force of the Body is very nearly as the den- 
fity of the fame Body. For this will appear by the fol- 
lowing Table, wherein the proportion of the Sines which 
meafure the refraxions of feveral Bodies, the fquare 
of BR fuppofing CB an unite, the denfities of the 
Bodies eftimated by their fpecifick gravities, and their 
refractive power in refpect of their denfities are fet 
down in feveral Columns. 
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The Proportion|I he Square of The denfit| Ehe. refra 

| of the Sines of| BR, towhich and {pect cive powe 

The refracting Bodies. | zxcidence andl the refracting, fic gravity) of the Body 
refraction of| force of theBo- of the Bo-| y refpect 

yellow Light. | dy is propor- dy. of its den 


tionate, 


A Pfeudo-Topazius, be- 
ing a natural,pellucid, 
brittle, hairy Stone, of, 
a yellow Colour 

Air 3851 to 000125 

Glafs of Antimony 17 to 5728 

A Selenitis 61 to 

Glafs vulgar 31 to 

Cryftal of the Rock 25 to 

Itland Cryttal 5 to 

Sal Gemme 17 to 

Alume 35 to 

Borax 22 to 

Niter 32 to 

Dantzick Vitriol 303 to 

Oy] of Vitriol IO to 

Rain Water 529 to 

Gumm Arabic 31 to 

Spirit of Wine well re&i- 
fied 

Camphire 3 to 

Oyl Olive 22 to 

Lintfeed Oyl 40 to 

Spirit of Turpentine 25 to 1'1626 

Ambar 14 to 1742 

A Diamond IOO tO 4'949 


23 to 1699 427 


100 tO 


The refraction of the Air in this Table is determined 
by that of the Atmofphere obferved by Aftronomers. 
For if Light pats through many refraéting fubftances or 
mediums gradually denter and denfer, and terminated 

b] with 
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with parallel furfaces, the fumm of all the refractions 
will be equal to the fingle refraction which it would 
have fuffered in paffing immediately out of the firft 
medium into the laft. And this holds true, though the 
number of the refracting fubftances be increafed to infi- 
nity, and the diftances from one another as much de- 
creafed, fo that the Light may be refratted in every 
point of its paffage, and by continual refractions bent 
intoa curve Line. And therefore the whole refra&ion 
of Light in paffing through the Atmofphere from the 
higheft and rareft part thereof down to the loweft and 
denfeft part, muft be equal to the refra&ion which it 
would fuffer in paffing at like obliquity out ofa Va- 
cuum immediately into Air of equal denfity with that 
in the loweft part of the Atmofphere. 

Now, by this Table, the refraCtions of a Pfeudo-To- 
paz, a Selenitis, Rock Cryftal, Ifland Cryftal, Vulgar 
Glafs (that is, Sand melted together) and Glafs of 
Antimony, which are terreftrial ftony alcalizate con- 
cretes,and Air which probably arifes from fuch fubftances 
by fermentation,though thefe be fubftances very differing 
from one another in denfity, yet they have their refra- 
&ive powers almoft in the fame proportion to one ano- 
theras their denfities are, excepting that the refraction of 
that ftrange fubftance Ifland-Cryftal is a little bigger 
than the reft. And particularly Air, which 1s 3400 times 
rarer than the Pfeudo- Topaz, and 4200 times rarer than 
Glafs of Antimony, has notwithftanding its rarity the 
fame refractive power in refpe& of its denfity which 
thofe two very denfe fubftances have in refpeCt of theirs, 
excepting fo far as thofe two differ from one another. 


Again, 
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Again, the refra&tion of Camphire, Oyl-Olive, Lint- 
feed Oyl, Spirit of Turpentine and Amber, which are 
fat fulphureous unctuous Bodies, and a Diamond, which 
probably is an unctuous fubftance coagulated, have their 
refractive powers in proportion to one another as their 
denfities without any confiderable variation. But the 
refractive power of thefe un&uous fubftances is two 
or three times greater in refpe& of their denfities than 
the refractive powers of the former fubftances in refpe& 
of theirs. 

Water has a refractive power in a middle degree be- 
tween thofe two forts of fubftances, and probably is of 
a middle nature. For out of it grow all vegetable and 
animal fubftances, which confift as well of fulphureous 
fat and inflamable parts, as of earthy lean and alcali- 
zate ones. 

Salts and Vitriols have refra&ive powers in a middle | 
degree between thofe of earthy fubftances and Water, 
and accordingly are compofed of thofe two forts of fub- 
ftances. For by diftillation and re&ification of their 
Spirits a great part of them goes into Water, and a great 
part remains behind in the form of a dry fixt earth ca- 
pable of vitrification. 

Spirit of Wine has a refractive power in a middle 
degree between thofe of Water and oyly fubftances, and 
accordingly feems to be compofed of both, united by 
fermentation ; the Water, by means of fome faline Sp1- 
rits with which "tis impregnated, diffolving the Oyl, 
and volatizing it by the action. For Spirit of Wine is 
inflamable by means of its oyly parts, and being diftil- 
led often from Salt of Tartar, grows by every diftilla- 
tion more and more aqueous and flegmatick. And 


bla Chymifts 
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Chymifts obferve, that Vegitables (as Lavender, Rue, 
Marjoram, We.) difülled per fe, before fermentation 
yield Oyls without any burning Spirits, but after fer- 
mentation yield ardent Spirits without Oyls : Which 
fhews, that their Oy] is by fermentation converted into 
Spirit. They find alfo, that if Oyls be poured 1n {mall 
quantity upon fermentating Vegetables, they diftil over 
after fermentation in the form of Spirits. 

So then, by the foregoing Table, all Bodies feem to 
have their refra&düive powers proportional to their 
denfities, (or very nearly ;) excepting fo far as they 
partake more or lefs of fulphurous oyly particles, and 
thereby have their refractive power made greater or 
lefs. Whence it feems rational to attribute the refra- 
&ive power ofall Bodies chiefly, if not wholly, to the 
fulphurous parts with which they abound. For it’s 
probable that all Bodies abound more or lefs with Sul- 
phurs. Andas Light congregated by a Burning-glafs 
acts moft upon fulphurous Bodies, to turn them in- 
to fire and flame; fo, fince all a¢tion is mutual, Sul- 
phurs ought to act moft upon Light. For that the 
action between Light and Bodies is mutual, may appear 
from this Confideration, ‘That the denfeft Bodies which 
refract and refle& Light moft ftrongly grow hotteft in 
the Summer-Sun, by the action of the refracted or re- 
flected: Light. 

I have hitherto explained the power of Bodies to re- 
Hect and refract, and fhewed, that thin tranfparent 
plates, fibres and particles do, according to their feveral 
thicknefles and denfities, reflect feveral forts of rays, 
and thereby appear of feveral Colours, and by conte- 
quence that nothing more 1s requifite for producing all 

the 
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the Colours of natural Bodies than the feveral fizes and 
denfities of their tranfparent particles. But whence it 
is that thefe plates, fibres and particles do, according 
to their feveral thickneffes and denfities, reflect feveral 
forts of rays, I have not yet explained. To give fome 
infight into this matter, and make way for underftan- 
ding the next Part of this Book, I fhall conclude this 
Part with a few more Propofitions. Thofe which pre- 
ceded refpect the nature of Bodies, thefe the nature of 
Light : For both muft be underftood before the reafon 
of their a&ions upon one another can be known. And 
becaufe the laft Propofition depended upon the velo- 
city of Light, I will begin with a Propofition of that 


kind. 
Fd QUI Bk 


Light % propagated from luminous Bodies in time, and 
[pends about feven or eigbt minutes of an bour in palfine 
from the Sun to tbe Earth, 

. This was obferved firft by Romer, and then by others, 
by means of the Eclipfes of the Satellites of ‘fupzter- 
For thefe Eclipfes, when the Earth is between the Sun 
and “fupiter, happen about feven or eight minutes fooner 
than they ought to do by the Tables, and when the Earth 
is beyond the Sun they happen about feven or eight mi- 
nutes later than they ought to.do; the reafon being,that 
the Light of theSatellites has farther to go in the latter 
cafe than in the former by the Diameter of the Earth's 
Orbit. Some inequalities of time may arife from the 
excentricities of the Orbs of the Satellites ; but thofe 
cannot anfwer in all the Satellites, and at all times 
to: 
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‘to the pofition and diftance of the Earth from the Sun. 
The mean motions of “fupiter’s Satellites is alfo fwifter 
in his defcent from his Aphelium to his Perihelium, 
than in his afcent in the other half of his Orb : But this 
inequality has no refpe to the pofition of the Earth, 
and in the three interior Satellites is infenfible, as I find 
by computation from the Theory of their gravity. 


PROPRE Abb 


Every ray of Light in its paffage through any refra- 
cling furface 1s put mto a certam tranfient conftitution 
or flate, which in. the progrefs of the ray returns at 
equal intervals, and difpofes the ray at every return 
to be eafily tranfmitted through the next refracting fur- 
face, and between the returns to be eafily reflected by 
it 


This is manifeft by the 5th, gth, 12th and 15th Ob- 
fervations. For by thofe Obfervations it appears, that 
one and the fame fort of rays at equal Angles of inci- 
dence on any thin tranfparent plate, is alternately refle- 
Cted and tranfmitted for many fucceffions accordingly, 
as the thicknefs of the plate increafes in arithmetical 
progreffion of the numbers o, 1, 2, 3, 4, 5, 6, 7, 8, We. 
{o that if the firft reflexion (that which makes the firft 
or innermoft of the Rings of Colours there defcribed ) 
be made at the thicknefs 1,the rays fhall be tranfmitted at 
the thicknefles o, 2, 4, 6, 8, 10, 12, Wc. and thereby 
make the central Spot and Rings of Light, which ap- 
pear by tran{miffion, and be refleéted at the thicknefs 
1, 35 5; 7, 9, 1 149 c. and thereby make the Rings which 


appear 
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appear by reflexion. And this alternate reflexion and 
tranfmiffion, as] gather by the 24th Obfervation, con- 
tinues for above an hundred viciffitudes, and by the 
the Obfervations in the next part of this Book, for many 
thoufands, being propagated from one furface of a Glafs- 
plate to the other, though the thicknefs of the plate 
be a quarter of an Inch or above : So that this alter- 
nation feems tobe propagated from every refraéting 
furface to all diftances without end or limitation. 

This alternate reflexion and refraction depends on 
both the furfaces of every thin plate, becaufe it de- 
pends on their diftance. By the 21th Obfervation, if 
either furface of a thin plate of Mufcovy-Glafs be wet- 
ted, the Colours caufed by the alternate reflexion 
and refraction grow faint, and therefore it depends on 
them both. 

It is therefore performed at the fecond furface, for 
if it were performed at the firft, before the rays ar- 
rive at the fecond, it would not depend on the fe- 
cond. 

It is alfo influenced by fome a&ion or difpofition, 
propagated from the firft to the fecond, becaute other- 
wife at the fecond it would not depend on the firft. And 
this action or difpofition, in its propagation, intermits 
and returns by equal intervals, becaufe in all its pro- 
grefs it inclines the ray at one diftance from the firft 
furface to be reflected by the fecond, at another to be 
tranfmitted by it, and that by equal intervals for innu- 
merable vicifitudes. And becaufe the ray is difpofed 
to reflexion at the diftances 1, 3, 5, 7, 9, 9c. and to 
tranfmiffion at the diftances o, 2, 4, 6, 9, 10, We, ( for 


its tranfmiffion through the firft furface, is at the di- 
| ftance 
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fiance o, and it is tranfmitted through both toge- 
ther, if their diftance be infinitely little or much lefs 
than 1) the difpofition to be tranfmitted at the diftances 
AM 6,8, 10, ibo: d is to be accounted a return of the 
fame dií {pofition which the ray firft had at the-diftanceo, 
that is at its tranfmiffion through the firft refracting fat. 
face. All which is the thing | would prove. 
What kind of a€tion or difpofition this is? Whether 
it confift in a circulating or a vibrating motion of the 
ray, or of the medium, or fomething elfe? I do not 
here enquire. ‘Thofe that are averfe from aflenting to 
any new difcoveries, but fuch as they can explain by an 
Hypothefis, may for the prefent fuppofe, that as Stones 
by falling upon Water put the Water into an undula- 
ting motion, and all Bodies by percuffion excite vibra- 
tions in the Air; fo the rays of Light, by impinging on 
any refracting or retleting furface, excite vibrations in 
the refracting or refle&ing medium or fubftance, and 
by exciting them agitate the folid parts of the refracting 
or reflecting Body, and by agitating them caufe the Body 
to grow warm or hot ; that the vibrations thus excited 
are propagated in the refracting or reflecting medium 
or füubftance, much after the manner that vibrations are 
propagated in the Air for caufing found, and move 
fatter than the rays fo as to overtake them; and that 
when any ray 1sin that part of the vibration which con- 
[pires with its motion, it ea fily breaks through a re- 
tracting furface, but when it is in the contrary part of 
the vibration which impedes its motion, it is eafily 
reflected ; and, by confequence, that every ray 1s fuc- 
ceffively dif fpofed to be eafily reflected, or eafily trant- 
mitted, by every vibration which overtakes it. But 
whether 
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whether this Hypothefis be true or falfe I do not here 
confider. I content my felf with the bare difcovery, 
that the rays of Light are by fome caufe or other alter- 
nately difpofed to be reflected or refracted for many vi- 
ciffitudes. 


DEPIATHIGOA. 


T be returns of tbe difpofition of any ray to be reflected 
I will call cts Fits of eafy reflexion, and thofe of 
its di[pofition to be tran[mitted 15 Fits of eafy trant- 
miffion, and the [pace it paffes between every re- 
turn and tbe next return, the Interval of its 
Fits. 


Ei QP, ALL 


The rveafon why the furfaces wf all thick tranfparent 
Bodies vefled part of the Light incident on them, and 
refrac the reft, 1s, that [ome rays at ther incidence are 
in Fits of ealy reflexion, and others in Fits of ea[y tran[- 
MIL fjLon. 

This may be gathered from the 24th Obfervation, 
where the Light reflected by thin plates of Air and Glafs, 
which to the naked Eye appeared evenly white all over 
the plate, did through a Prifm appear waved with many 
fucceffions of Light and Darknets made by alternate fits 
of eafy reflexion and eafy tranfmiffon , the Prifm 
fevering and diftinguifhing the waves of which the 
white reflected. Light was compofed, as was explained 
above. 


Mm And 
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And hence Light is in fits of eafy reflexion and eafy 
tranfmiffion, before its incidence on tranfparent Bodies. 
And probably it is put into fuch fits at its firft emiffion 
from luminous Bodies, and continues in them during 
all its progrefs. For thefe fits are of a lafting Nature, 
as will appear by the next part of this Book. 

In this Propofition I fuppofe the tranfparent Bodies 
to be thick, becaufe if the thicknefs of the Body be 
much lefs than the interval of the fits of eafy reflexion 
and tranfmiffion of the rays, the Body lofeth its reflecting 
power. For if the rays, which at their entering into 
the Body are put into fits of eafy tranfmiffion, arrive at 
the furtheft furface of the Body before they be out of 
thofe fits they muft be tranfmitted. And this is the 
reafon why Bubbles of Water lofe their reflecting power 
when they grow very thin, and why all opake Bo- 
dies when reduced into very {mall parts become tranf- 
parent. 


PROP XIV. 


T bofe furfaces of tran[parent Bodies, which if the ray 
be wna fit of refraction do refract it moft firongly, if the 
ray be ima fit of reflexion do reflect it moft eafily. 

For we fhewed above in Prop.8. that the caufe of 
reflexion is not the impinging of Light on the folid 
impervious parts of Bodies, but fome other power by 
which thofe folid parts act on Light at a diftance. We 
fhewed alfo in Prop. 9. that Bodies reflect and refra& 
Light by one and the fame power varioufly exercifed in 
various circumftances, and in Prop. 1:. that the moft 
ftrongly refracting furfaces reflect the moft Light: All 

which 


which compared together evince and ratify both this 
and the laft Propofition. 


PR OCF: iY. 


In any one and the fame fort of rays emerging in any 
Angle out ‘4 any refracting [urface tto one and the fame 
medium, the interval of the following fits of eafy reflexion 
and tran{miffion are erther accurately or very nearly, as 
the Rectangle of the fecant of the Angle of refraction, and 
of the fecant of another Angle, whofe fine « the firft of 
106 arithmetical mean proportinals , between the fines 
of incidence and refraction counted from the fine of re- 
jraciton. 


This is manifeft by the 7th Obfervation. 
PROP XE 


In feveral forts of rays emerging im equal Angles om 
of any refracing [urface mto the fame medium, the inter- 
vals of the follownnug fits of ea[y reflexton and eafy tran[- 
miffion are either accurately, or very nearly, as the Cubes 
roots of the Squares of the lengths of a Chord, which found 
the notes in an Pagbt, fol, la, fa, fol, la, mi, fa, fol, witb 
all the intermediate degrees anfwermg to the Colours of 
ihofe rays, according to the Analogy defcribed im the fe- 
venth Experiment of the fecond Book. 

This is manifeft by the 13th and 14th Obfervations. 


Mm 2 PROP. 
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If rays of any one fort pafs perpendicularly into feveral 
mediums, the intervals of the fits of eafy reflexion and 
tran[mi[]ion in any one medium, 15 to thofe mtervals in 
any other asthe fine of incidence to the fine of refraction, 
suben the rays. pafs out of the firfl of thofe two mediums 
into the fecond. 


This 1s manifeft by the 1oth Obfervation. 


P Rv QB. VI. 


Jf the rays which paint the Colour 2n the confine of 
yellow and orange pafs perpendicularly out of any medium 
into Air, the mtervals of their fits of eafy reflexion are 
the sath part of an Inch. And of the fame length are 
the intervals of theer fits of ea[y tranfmiffion. 

This is manifeft by the 6th Obfervation. 

From thefe Propofitions it is eafy to colle& the in- 
tervals of the fits of eafy reflexion and eafy tranfmii- 
fion of any fort of rays refra&ded in any Angle into 
any medium, and thence to know, whether the rays 
fhall be reflected or tranfmitted at their fubfequent 
incidence upon any other pellucid medium. Which 
thing being ufeful for underftanding, the next part of 
this Book was here tobe fet down. And for the fame 
reafon I add the two following Propofitions. 


PROF. 
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FJ 5E ae 


If any fort of rays falling on the polite furface of any 
pellucid medium be reflected Back, the fits of eafy re- 
flexion. which they have at the point of reflexion, fball 
fU. continue to return, and the returns fhall be at di- 
fiances from the pout of reflexton in the arithmetical 
progreffion of the numbers 2, 4, 6, 8, 10, 12,&c. and be- 
tween thefe fus tbe rays fball be m fits of eafy tran[- 
miffvon. 

For fince the fits of eafy reflexion and eafy tranf- 
miflion are of a returning nature, there is no reafon 
why thefe fits, which continued till the ray arrived at 
the reflecting medium, and there inclined the ray to 
reflexion, fhould there ceafe. And if the ray at the 
point of reflexion was in a fit of eafy reflexion, the 
progreffion of the diftances of thefe fits from that point 

iuft begin from o, and fo be of the numbers o, 2, 4, 
6, 8, ce. And therefore the progrefhon of the di- 
ftances of the intermediate fits of eafy tranfmiflion rec- 
koned from the fame point, muft be in the progreffion 
of the odd numbers 1, 3, 5, 7, 9, 9v. contrary to what 
happens when the fits are propagated from points of 
refraction. 


PRO UE X 
T be itervals of the fits of eafy reflexion and. ea]y 


tran[miffion, propagated from pots of reflexion into any 
medium, are equal to the intervals of the like fits which 
the fame rays would have, 1f refracted into the fame 

medium 
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medium in Anoles of refraction equal to thei Angles of 
reflexton. 

For when Light is refle&ed by the fecond furface of 
thin plates, it goes out afterwards freely at the firft fur- 
face to make the Rings of Colours which appear by 
reflexion, and by the freedom of its egrefs, makes the 
Colours of thefe Rings more vivid and ftrong than thofe 
which appear on the other fide of the plates by the 
tranfmitted Light. "Therefle&ed raysare therefore in 
fits of eafy tranfmiffon at their egrefs ; which would 
not always happen, if the intervals of the fits within 
the plate after reflexion were not equal both in length 
and number to theirintervals beforeit. And this confirms 
alfo the proportions fet down in the former Propofition. 
For if the rays both in going in and out at the firft furface 
be in fits of eafy tranfmiffion, and the intervals and num- 
bers of thofe fits between the firft and fecond furface, 
before and after reflexion, be equal; the diftances of 
the fits of eafy tranfmiffion from either furface, muft be 
in the fame progreffion after reflexion as before; that 
is, from the firft furface which tranfmitted them, in 
the progreffion of the even numbers o, 2, 4,6, 3, Oc. 
and from the fecond which reflected them, in that of 
the odd numbers 1, 3, 5, 7, 9v. But thefe two Pro- 
pofitions will become much more evident by the Obfer- 
vations in the following part of this Book. 


T H.E 
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THE 


SECOND BOOK 
OP I LGK 


PARP IV. 


Obfervations concerning the Reflexions and Colours of 


thick tran[parent polifbed Plates. 


Here is no Glafs or Speculum how well foever 
| polifhed, but, befides the Light which it refra&ts 
or reflects regularly, fcatters every way irregularly a 
faint Light, by means of which the polifhed furface, 
when illuminated in a dark Room by a beam of the 
Sun's Light, may be eafily feen in all pofitions of the 
Eye. "Lhere are certain Phenomena of this fcattered 
Light, which when I firft obferved them, feemed very 
ftrange and furprifing to me. My Obfervations were 
as follows. 


OBS. 
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OTB B.E 


The Sun fhining into my darkened Chamber through 

a Hole ! of an Inch wide, I let the intromitted beam 
of Light fall perpendicularly upon a Glafs Speculum 
sround concave on one fide and convex on the other, 
toa Sphere of five Feet and eleven Inches Radius, and 
quick-filvered over on the convex fide. And holding 
a white opake Chart, or a Quire of Paper at the Center 
of the Spheres to which the Speculum was ground, that 
is, at the diftance of about five Feet and eleven Inches 
from the Speculum, in fuch manner, that the beam of 
Light might pafs through a little Hole made in the 
middle of the Chart to the Speculum, and thence be 
reflected back to the fame Hole: I obferved upon the 
Chart four or five concentric Irifes or Rings of Colours, 
like Rain-bows, encompaffing the Hole much after the 
manner that thofe, which in the fourth and following 
Obfervations of the firft part of this third Book appeared 
between the Obje&t-Glatfes,encompafled the black Spot, 
but yet larger and fainter than thofe. 'Thefe Rings as 
they grew larger and larger became diluter and fainter, 
fo that the fifth was fcarce vifible. Yet fometimes, 
when the Sun fhone very clear, there appeared faint 
Lineaments of a fixth and feventh. If the diftance of 
the Chart from the Speculum was much greater or much 
Jefs than that of fix Feet, the Rings became dilute and 
vanifhed. And if the diftance of the Speculum from 
the Window was much greater than that of fix Feet, 
the reflected beam of Light would be fo broad at the 
diftance of fix Feet from the Speculum where the Rings 
appeared,. 
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appeared, as to obfcure one or two of the innermoft 
Rings. And therefore I ufually placed the Speculum 
at about fix Feet from the Window ; fo that its Focus 
might there fallin with the center of its concavity at the 
Rings upon the Chart. And this pofture 1s always to 
be underftood in the following Obtfervations where no 
other is expreft. 


O Bx It. 


The Colours of thefe Rain-bows fucceeded one ano- 
ther from the center outwards, in the fame form and 
order with thofe which were made in the ninth Obfer- 
vation of the firft Part of this Book by Light not re- 
fle&ed, but tranfmitted through the two Object-Glaffes. 
For, firft, there was in their common center a white 
round Spot of faimt Light, fomething broader than the 


reflected beam of Light ; which beam fometimes fell 
upon the middle of the Spot, and fometimes by a little 
inclination of the Speculum receded from the middle, 
and left the Spot white to the center. 
This white Spot was immediately encompafled with 
a dark grey or ruffet, and that darknefs with the Co- 
lours of the firft Iris, which were on the infide next 
the darknefs a little violet and indico, and next to that 
a blue, which on the outfide grew pale, and then fuc- 
ceeded a little greeni(h yellow, and after that a brighter 
yellow, and then on the outward edge of the Iris a red 
which on the outfide inclined to purple. 
This Iris was immediately encompafled with a fe- 
cond, whofe Colours were in order from the infide 
Nn out- 
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outwards, purple, blue, green, yellow, light red, a red 
mixed with purple. 

Then immediately followed the Colours of the third 
Iris, which were in order outwards a green inclining 
to purple, a good green, and a red more bright than 
that of the former Iris. 

The fourth and fifth Iris feemed of a bluifh green 
within, and red without, but fo faintly that it was dif- 
ficult to difcern the Colours. 


O'R o. LIL 


Meafuring the Diameters of thefe Rings upon the 
Chart as accurately as I could, 1 found them alfo in 
the fame proportion to one another with the Rings 
made by Light tranfmitted through the two Obje&à- 
Glafles. For the Diameters of the four firft of the 
bright Rings meafured between the brighteft parts of 
their orbits, at the diftance of fix Feet from the Specu- 
lum were i5, 2i, 21» 33 Inches, whofe fquares are in 
arithmetical progreffion of the numbers 1, 2, 3,4. If 
the white circular Spot in the middle be reckoned 
amongft the Rings, and its central Light, where it 
feems to be moft luminous, be put equipollent to an 
infinitely little Ring ; the fquares of the Diameters of the 
Rings will be in the progreffion o, 1, 2, 3, 4, We. I 
meafured alfo the Diameters of the dark Circles be- 
tween thefe luminous ones, and found their fquares 
in the progreffon of the numbers !, 1i, 23, 3:, Wc. 
the Diameters of the firft four at the diftance of fix Feet 
from the Speculum, being 15,25, 23, 34, Inches. If © 
the diftance of the Chart from the Speculum was in- 

creafed 
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creafed or diminifhed, the Diameters of the Circles were 

increafed or diminifhed proportionally. 


DOS cx. 


By the analogy between thefe Rings and thofe de- 
fcribed in the Obfervations of the firft Part of this Book, 
I fufpected that there were many more of them which 
fpread into one another, and by interfering mixed their 
Colours, and diluted one another fo that they could 
not be feen apart. I viewed them therefore through a 
Prifm, asI did thofe in the 24th Obfervation of the 
firft Part of this Book. And when the Prifm was fo 
placed as by refracting the Light of their mixed Co- 
lours to feparate them, and diftinguifh the Rings from 
one another, as it did thofe in that Obfervation, I could 
then fee them diftin&er than before, and eafily num- 
ber eight or nine of them, and fometimes twelve or 
thirteen. And had not their Light been fo very faint, 
I queftion not but that I might have feen many more. 


D DIN 


Placing a Prifm at the Window to refra& the intro- 
mitted beam of Light, and caft the oblong Spe&rum 
of Colours on the Speculum: I covered the Speculum 
with a black Paper which had in the middle of it a Hole 
to let any one of the Colours pafs through to the Spe- 
culum, whilft the reft were intercepted by the Paper. 
And now I found Rings of that Colour only which fell 
upon the Speculum. 1f the Speculum was illuminated 
with red the Rings were totally red with dark inter- 

Nn 2 vals, 
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vals, if with blue they were totally blue, and fo of the 
other Colours. And when they were illuminated with 
any one Colour, the Squares of their Diameters mea- 
fured between their moft luminous parts, were 1n the 
arithmetical progreffion of the numbers o, 1, 2,3, 4, and 
the Squares of the Diameters of their dark intervals in 
the:progreffion of the intermediate numbers 4, 15, 2:, 25: 
But if the Colour was varied they varied their magni- 
tude. In the red they were largeft, in the indico and 
violet leaft, and in the intermediate Colours yellow, 
green and blue; they were of feveral intermediate big- 
neffes anfwering to the Colour, that is, greater in yel- 
low than in green, and greater in green than in blue. 
And hence I knew that when the Speculum was illumi- 
nated with white Light, the red and yellow on the out- 
fide of the Rings were produced by the leaft refrangible 
rays, and the blue and violet by the moft refrangible, 
and that the Colours of each Ring fpread into the Co- 
lours of the neighbouring Rings on either fide, after 
the manner explained in the firft and fecond Part of this 
Book, and by mixing diluted one another fo that they 
could not be diftinguifhed, unlefs near the center where 
they were leaft mixed. For in this Obfervation I could 
fee the Rings more diftin&tly, and to a greater number 
than before, being able in the yellow Light to number 
eight or nine of them, befides a faint fhadow of a tenth. 
To fatisfy my felf how much the Colours of the feveral 
Rings fpread into one another, | meafured the Diame- 
ters of the fecond and third Rings, and found them 
when made by the confine of the red and orange to be 
the fame Diameters when made by the confine of blue 
and indico, as 9 to 8, or thereabouts. For it was hard. 
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to determine this proportion accurately. Alfo the Cir-. 
cles made fucceffively by the red, yellow and green, 
differed more from one another than thofe made füccef- 
fively by the green, blue and indico. For the Circle 
made by the v ade tt was too dark to be feen. To carry 
on the computation, Let us therefore fuppole that the 
differences of the Diameters of "the Circles made by the 
outmoft red, the confine of red and orange, the confine 
of orange and yellow, the confine of yellow and green, 
the confine of green and blue, the confine of blue and 
indico, the confine of indico and violet, and outmoft vio- 
let, are in proportion as the differences of the lengths 
of a Monochord which found the tones in an Eight ; 
fol, la, fa, | ol, la, mi, fa, fol, that 1s, as the numbers 7, 
Ls TO n» ip D» , "And if the Diameter of the Circle m ade 
by the confine of red and orange be 9 A, and that of 
the Circle made by the confine of blue and indico be 
8 A as above, their difference9 A----8A will be to 
the difference of the Diameters of the Circles made by 
the outmoft ps and by the conhne of red and orange 
as ts tia d 3. +27 tos, that is as + to or 8 to 3, and to 
the itinere of the Circles made by the outmoft violet, 
and by the confine of blue and. indico, as te +t + ta + > 
to i; E rs, that is, as 2; to 34, or as 16 to » And there- 
fore thefe differences will bes A and is A. Add the 
firft tog A and fubdu& the laft from 8 A, and you 
will have the Diameters of the Circles made by the 
leaft and moft refrangible rays «* A and 2: A. ‘Thefe 
Diameters are therefore to one another as 75 to 61; or 
50 to 41, and their Squares as 2500 to 1681, that 1s, 
as 3 to 2 very nearly. Which proportion differs not 


much from the proportion of the Diameters of the 
Circles: 
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‘Circles made by the outmoft red and outmoft violet in 
the 13th Obfervation of the firft part oi this Book. 


O BE Wb 


Placing my Eye where thefe Rings appeared plaineft, 
{ faw the Speculum tinged all over with waves of Co- 
lours ( red, yellow, green, blue ;) like thofe which in 
the Obfervations of the firft Part of this Book appeared 
between the Obje&-Glaffes and upon Bubbles of Water, 
but much larger. Andafter the manner of thofe, they 
were of various magnitudes in various pofitions of the 
Eye, {welling and fhrinking as I moved my Eye this 
way and that way. They were formed like Arcs of 
concentrick Circles as thofe were, and when my Eye 
was over againft the center of the concavity of the Spe- 
culum (that is, 5 Feet and 10 Inches diftance from the 
Speculum) their common center was in a right Line 
with that center of concavity, and with the Hole in the 
Window. But in other poftures of my Eye their center 
had other pofitions. They appeared by the Light of 
the Clouds propagated to the Speculum through the 
Hole in the Window, and when the Sun fhone through 
that Hole upon the Speculum, his Light upon it was 
of the Colour of the Ring whereon it fell, but by its 
fplendor obfcured the Rings made by the Light of the 
Clouds, unlefs when the Speculum was removed to a 
great diftance from the Window, fo that his Light upon 
it might be broad and faint. By varying the pofition of 
my Eye, and moving it nearer to or farther from the 
direct beam of the Sun's Light, the Colour of the Sun’s 
reflected Light conftantly varied upon the Speculum, 
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as it did upon my Eye, the fame Colour always ap 
pearing to a By-ftander upon my Eye which to me ap- 
peared upon the Speculum. And thence I knew that 
the Rings of Colours upon the Chart were made by thefe 
reflected Colours propagated thither from the Specu- 
lum in feveral Angles, and that their produ&ion de- 
pended not upon the termination of Light and Shad- 
dow. 


ODS. Fit 


By the Analogy of all thefe Phenomen. with thofe of 
the like Rings of Colours defcribed in the firft Part of 
this Book, it feemed to me that thefe Colours were 
produced by this thick plate of Glafs, much after the 
manner that thofe were produced by very thin 
plates. For, upon tryal, 1 found that if the Quick- 
filver were rubbed off from the back-fide of the Specu- 
lum, the Glafs alone would caufe the fame Rings of 
Colours, but much more faint than before ; andthere- 
fore the Phenomenon depends not upon the Quick- 
hlver, unlefs fo far as the Quick-filver by the increafing 
the reflexion of the back-fide of the Glafs increafes the 
Light of the Rings of Colours. I found alfo that a Spe- 
culum of metal without Glafs made fome years fince 
for optical ufes, and very well wrought, produced none 
of thofe Rings; and thence I underftood that thefe 
Rings arife not from one fpecular furface alone, but 
depend upon the two furfaces of the plate of Glafs where- 
of the Speculum was made, and upon the thicknefs of 
the Glafs between them. For as in the 7th and 19th 
Obfervations of the firft Part of this Book a thin pe 
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of Air, Water, or Glafs of an even thicknefs appeared 
of one Colour when the rays were perpendicular to it, 
of another when they were a little oblique, of another 
when more oblique, of another when ftill more oblique, 
and fo on ; fo here, in the fixth Obfervation, the Light 
which emerged out of the Glafs in feveral obliquities, 
made the Glafs appear of feveral Colours, and being 
propagated in thofe obliquities to the Chart, there pain- 
ted Rings of thofe Colours. And as the reafon why a 
thin plate appeared of feveral Colours in feveral obli- 
quities of the rays, was,that the rays of one and the fame 
fort are reflected by the thin plate at one obliquity and 
tranfmitted at another, and thofe of other forts tranf- 
mitted where thefe are reflected, and reflected where 
thefe are tranfmitted : So the reafon why the thick 
plate of Glafs whereof the Speculum was made did ap- 
pear of various Colours 1n various obliquities, and in 
thofe obliquities propagated thofe Colours to the Chart, 
was, that the rays of one and the fame fort did at one 
obliquity emerge out of the Glafs, at another did not 
emerge but were reflected back towards the Quick-fil- 
ver by the hither furface of the Glafs, and accordingly 
as the obliquity became greater and greater cmerged 
and were retlected alternately for many fucceffions, and 
that in one and the fame obliquity the rays of one fort 
were reflected, and thofe of another tranfmitted. This 
is manifeft by the firft Obfervation of this Book : For 
in that Obfervation, when the Speculum was illumi- 
nated by any one of the prifmatick Colours, that Light 
made many Rings ofthe fame Colour upon the Chart 
with dark intervals, and therefore at its emergence out 
of the Speculum was alternately tranfmitted, and not 

tranf- 
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tranfmitted from the Speculum to the Chart for many 
fucceffions, according to the various obliquities of its 
emergence. And heh the Colour caft on the Specu- 
lum by the Prifm was varied, the Rings became of 
the Colour caft on it, and varied ‘their bignefs with their 
Colour, and therefore the Light was now alternately 
tranfmitted and not tran{mitted from the Speculum to 
the Lens at other obliquities than before. It feemed to 
me therefore that thefe Rings were of one and the fame 
original with thofe of thin plates, but yet with this 
difference that thofe of thin plates are made by the al- 
ternate reflexions and tranfmifhons of the rays at the 
fecond furface of the plate after one paflage through it : 
But here the rays go twice through the plate before 
they are alternately reflected and tranfmitted ; firft, 
they go through it from the firft furface to the Quick 
flver, and then return through it from the Quick-filver 
to the firft furface, and there are either tranfmitted to 
the Chart or reflected back to the Quick-filver, ac- 
cordingly as they are in their fits of eafie reflexion or 
tranfmifhon when they arrive at that furface. For the 
intervals of the fits of the rays which fall perpendicu- 
larly on the Speculum, and are refle&ed back in the 
es perpendicular Lines, by reafon of the equality of 
thefe Angles and Lines,are of the fame length and num- 
ber M the Glafs dier reflexion as before by the 
19th Propofition of the third Part of this Book. And 
therefore fince all the rays that enter through the firft. 
furface are in their fits of ealy tranfmiffion at their en- 
trance, and as many of thefe as are reflected by the fe- 
cond are in their fits of eafy reflexion there, all thefe 
mutt be again in their fits of ealy tranfmiffion at their 
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return to the firft, and by confequence there go out of 
the Glafs to the Chart, and form upon it the white 
Spot of Light in the center of the Rings. For the rea- 
fon holds good in all forts of rays, and therefore all 
forts muft go out promifcuoully to that Spot, and by 
their mixture caufe it to be white. But the intervals 
of the fits of thofe rays which are reflected more ob- 
liquely than they enter, muft be greater after reflexion 
than before by the 15th and 20th Prop. And thence 
it may happen that the rays at their return to the firft 
furface, may in certain obliquities be in fits of eafy re- 
flexion, and return back to the Quick-filver, and in 
other intermediate obliquities be again in fits of eafy 
tranfmiffhon, and fo go out to the Chart, and paint on 
it the Rings of Colours about the white Spot. And 
becaufe the intervals of the fits at equal obliquities are 
greater and fewer in the lefs refrangible rays, and lefs 
and more numerous in the more refrangible, therefore 
the lefs refrangible at equal obliquities fhall make fewer 
Rings than the more refrangible, and the Rings made 
by thofe fhall be larger than the like number of Rings 
made by thefe ; that is, the red Rings fhall be larger 
than the yellow, the yellow than the green, the green 
than the blue, and the blue than the violet, as they 
were really found to bein the 5th Obfervation. And 
therefore the firft Ring of all Colours incompafhing the 
white Spot of Light fhall be red without and violet 
within, and yellow, and green, and blue in the middle, 
as it was found in the fecond Obfervation ; and thefe 
Colours in the fecond Ring, and thofe that follow fhall 
be more expanded till they fpread into one another, 
and blend one another by interfering. 


Thefe 
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Thefe feem to be the reafons of thefe Rings in ge- 
neral, and this put me upon obferving the thicknefs of 
the Glafs, and confidering whether the dimenfions and 
proportions of the Rings may be truly derived from it 
by computation. 


DO B5 XET 


| meafured therefore the thicknefs of this concavo- 
convex plate of Glafs, and found it every-where $ of an 
Inch precifely. Now, by the 6th Obfervation of the 
firft Part of this Book, a thin plate of Air tranfmits the 
brighteft Light of the firft Ring, that is the bright yel- 
low, when its thicknefs is the ,2,th part of an Inch, 
and by the 1oth Obfervation of the fame part, a thin 
plate of Glafs tranfmits the fame Light of the fame Ring 
when its thicknefs is lefs in proportion of the fine of 
refraction to the fine of incidence, that is, when its 
thicknefs is the 75th or th part of an Inch, fup- 
pofing the fines areas 11 to 17. And if this thicknefs 
be doubled it tranfmits the fame bright Light of the 
fecond Ring, if tripled it tranfmits that of the third, 
and fo on, the bright yellow Light in all thefe cafes be- 
ing in its fits of tranfmiffion. And therefore if its thick- 
nefs be multiplied 34356 times fo as to become ; of an 
Inch it tranfmits. the fame bright Light ofthe 34356th 
Ring. Suppofe this be the bright yellow Light tranf- 
mitted perpendicularly from the reflecting convex fide 
of the Glafs through the concave fide to the white Spot 
in the center of the Rings of Colours on the Chart : And 
by a rule in the feventh Obfervation in the firft Part of 
the firft Book, and by the 15th and 20th Propofitions 
Oo of 
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of the third Part of this Book, if the rays be made ob- 


hque to the Glafs, the thicknefs of the Glafs requi-- 


fite to tranfmit the i fame bright Light of the fame Ring 
in any obliquity is to this thicknefs of : of an Inch, as 
the fecant of an Angle whofe fine 1s the Artt of an hun- 
dred and fix arithmetical means between the fines of 
incidence and refraction, counted from the fine of inci- 
Gade when me vefrat ion is 2 out toramy plated LE 


out of Glaf fs into hae Now s Heckel of the Glaís 
be increafed by degrees,fo as to bear to its firft thicknets, 
( wx. that of a quarter of an Inch ) the proportions 
which 34386 (the number of fits of the perpendicular 
rays in going through the Glafs towards the white Spot 
in the center of the Rings,) hath to 34385, 34334, 
34383 and 34382 (the numbers of thefits of the oblique. 
rays in going through the Glafs towards the firft, fe- 
cond, third and fourth Rings of Col ours) and if the 
firft thicknefs be divided into reooooooo equal parts, 
the increafed thicknefles will be 100002908, 100005816, 
100008725 and 100011633, and the Angles. of which thefe 
thicknefles are fecants willbe 26 13", 37 5, 45 6° and 
52 26", the Radius being 100000000 ; and the fines of 
thefe Angles are 762, 1079, 1321 and 1525, and the 
proportional fines of refraction 1172, 1659, 2031 and 
2345, the Radius being roooco. For fince the fines 
of incidence out of Glafs into Air are to the fines 
of refraction as I1 to 17, and to the above-mentioned 
fecants as I1 to the firft of 106 arithmetical means 
between 11 and 17, that is as 11 to 11,4, thofe fe- 
cants will be to. the fines of refraction as 11% to 17, 
and by this Analogy will give thefe fines. So then 
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rf the obliquities of the rays to the concave furface of 
the Glafs i fuch that the fines of their refraction in 
paffing out of the Glafs BENG that furface into the 
Air be 1172, 1659, 2031, 2345, the bright Light of 
the 34386th Ring fhall emerge at the thicknefles of the 
Glafs which are to + of an Inch as 34386 to 34385, 
34394, 34383, 34382, refpectively. And therefore if 
the thicknets in all thefe cafes bez of an Inch (as it 15 in 
the Glafs of which the Sp eculum was made) the bright 
Light of the 34385th Ring fhall quis where the fine 

of refractionis 1172, and that of the 34384th, 38438 3th 
and Mash Ring where the fine 1s 1659, 2021, and 
2345 refpectively. And in thefe Angles of scfeaGhiod 
the Light of thefe Rings thall be propagated from the 
Speculum to the Chart, and there paint Rings about the 
white central round Spot of Light which we faid was 
the Light of the 34356th Ring. And the Semidiame- 
ters of 'thefe Rings fhall fubtend the Angles of refraction 
made at the concave furface of the Speculum, and by 
confequence their Diameters fhall be to the diftance of 
the Chart from the Speculum as thofe fines of refraction 
doubled are to the Radius that isas 1172, 1659, 2031, 
and 2345, doubled are to 100000. And therefore if 
the diftance of the Chart from the concave furface of 
the Speculum be fix Feet (as 1t was in the third of thefe 
olere ars the Diameters of the Rings of this bright 
yel low Light upon the Chart fhall be 1688, 27389, 
2025, | 3. 375 Inches : For thefe Diameters are to 6 Feet 
as the above-mentioned fines doubled are to the Radius. 
Now thefe Diameters of the bright yellow Rings, thus 
tound Sy € comput ation are the very fame with thofe 
found in third of thefe Obfervations by meafuring 
them, 
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them, (viz. with 18> 23, 2, and 37 Inches, and there- 
fore the Theory of deriving thefe Rings from the thick- 
nefs of the plate of Glafs of which the Speculum was 
made, and from the obliquity of the emerging rays agrees 
with the Obfervation. In this computation | have 
equalled the Diameters of the bright Rings made by 
Light of all Colours, to the Diameters of the Rings 
made by the bright yellow. For this yellow makes the 
brighteft part of the Rings of all Colours. If you defire 
the Diameters of the Rings made by the Light of any 
other unmixed Colour, you may find them readily by 
putting them to the Diameters of the bright yellow ones 
in a fubduplicate proportion of the intervals of the fits 
of the rays of thofe Colours when equally inclined to 
the refracting or reflecting, furface which caufed thofe 
fits, that is, by putting the Diameters of the Rings made 
by the rays in the extremities and limits of the feven 
Colours, red, orange, yellow, green, blue, indico, violet, 
proportional the Cube-roots of the numbers, 1, 5, §> 3, 
+, 3, $,, 1, which exprefs the lengths of a Monochard 
founding the notes in an Eight : For by this means the 
Diameter of the Rings of thefe Colours will be found 
pretty nearly in the fame proportion to one another, 
which they ought to have by the fifth of thefe Obfer- 
vations. 

And thus I fatisfied my felf that thefe Rings were of 
the fame kind and original with thofe of thin plates, 
and by confequence that the fits or alternate difpofi- 
tions of the rays to be refle&ed and tranfmitted are pro- 
pagated to great diftances from every reflecting and re- 
trading furface. But yet to put the matter out of doubt 
I added the following Obfervation. à 
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Ops iX, 


If thefe Rings thus depend on the thicknefs of the plate 
of Glafs their Diameters at equal diftances from feveral 
Speculums made of fuch concavo-convex plates of Glafs 
as are ground on the fame Sphere, ought to be recipro- 
cally in a fubduplicate proportion of the thickneffes of 
the plates of Glafs. And if this proportion be found 
true by experience it will amount to a demonítration 
that thefe Rings (like thofe formed in thin plates ) do 
depend on the thicknefs of the Glafs. I procured there- 
fore another concavo-convex plate of Glafs ground on 
both fides to the fame Sphere with the former plate : 
Its thicknefs was 2, parts of an Inch ; and the Diameters 
of the three firft bright Rings meafured between the 
brighteft parts of their orbits at the diftance of 6 Feet 
from the Glafs were 3. 42. 5;. Inches. Now the thick-. 
nefs of the other Glafs being | of an Inch was to thick- 
nefs of this Glafs as; toi; that is as 31 to 10, or 
310000000 to 100000000, and the roots of thefe numbers 
are 17607 and 10000, & in the proportion of the firft 
of thefe roots to the fecond are the Diameters of the 
bright Rings made in this Obfervation by the thinner 
Glafs, 3. 4%. 5; to the Diameters of the fame Rings made 
in the third of thefe Obfervations by the thicker Glafs 
IU. 23 2%, that is, the Diameters of the Rings are reci- 
procally in a fubduplicate proportion of thicknefles of 
the plates of Glafs. 

So then in plates of Glafs which are alike concave on 
one fide, and alike convex on the other fide, and alike 
quick -filvered on the convex fides, and differ in nothing 

but 
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but their thicknefs, the Diameters of the Rings are re- 
ciprocally in a fubduplicate proportion of the thickneffes 
of the plates. And this fhews fufficiently that the Rings 
depend on both the furfaces of the Glafs. They de- 
pend on the convex furface becaufe they are more lu- 
minous when that furface is quick-filvered over than 
when it is without Quick-filver. They depend alfo 
upon the concave furface, becaufe without that furface 
a Speculum makes them not. They depend on both 
furfaces and on the diftances between them, becaufe 
their bignefs is varied by varying only that diftance. 
And this dependance is of the fame kind with that 
which the Colours of thin plates have on the diftance 
of the furfaces of thofe plates, becaufe the bignefs 
of the Rings and their proportion to one another, 
and the variation of their bignefs arifing from the varia- 
tion of the thicknefs of the Glafs, and the orders of 
their Colours, is fuch as ought to refult from the Propo- 
fitions in the end of the third Part of this Book, derived 
from the the Phenomena of the Colours of thin plates 
fet down in the firft Part. 

There are yet other Phenomena of thefe Rings of 
Colours but fuch as follow from the fame Propofitions, 
and therefore confirm both the truth of thofe Propofi- 
tions, and the Analogy between thefe Rings and the 
Rings of Colours made by very thin plates. 1 fhall 
fubjoyn fome of them. 


ORES. 


re 
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O.B Sake 


When the beam of the Sun’s Light was reflected back 
from the Speculum not dire&tly to the Hole in the Win- 
dow, but to a placea little diftant from it, the common 
center of that Spot, and of all the Rings of Colours fell 
in the middle way between the beam of the incident 
Light, and the beam of the reflected Light, and by 
confequence in the center of the fpherical concavity of 
the Speculum, whenever the Chart on which the Rings 
of Colours fell was placed at that center. And as the 
beam of reflected Light by inclining the Speculum re- 
ceded more and more from the beam of incident Light 
and from the common center of the coloured Rings be- 
tween them, thofe Rings grew bigger and bigger, and 
fo alfo did the white round Spot,and new Rings of Co- 
lours emerged fucceffively out of their common center, 
and the whiteSpot became a white Ring encompaffing 
them ; and the incident and refle&ed beams of Light 
always fell upon the oppofite parts of this Ring, illumi- 
nating its perimeter like two mock Suns in the oppofite 
parts of an Iris. So then the Diameter of this Ring, 
meafured from the middle of its Light on one fide to 
the middle of its Light on the other fide, was always 
equal to the diftance between the middle of the incident 
beam of Light, and the middle of the reflected beam 
meafured at the Chart on which the Rings appeared: 
And the rays which formed this Ring were reflected by 
the Speculum in Angles equal to their Angles of inci- 
dence, and by confequence to their Aneglesof refraction 
at their entrance into the Glafs, but yet their Angles of 

Pp retlexion 
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reflexion were not in the fame planes with their Angles 
of incidence. 


O DLE 


The Colours of the new Rings weré in a contrary 
order to thofe of the former, and arofe after this man- 
ner. The white round Spot of Light in the middle of 
the Rings continued white to the center till the diftance 
of the incident ond reflected beams at the chart was 
about 7 parts of an Inch, and then it began to grow 
dark in the middle. An * when that diftance was about 
1: of an Inch, the white Spot was become a Ring en- 
compafhng a dark round Spot which in the middle in- 

clined to violet and indico. And the luminous Rings 
oriole it were grown equal to thofe dark ones 
which in the four firft Obfervations encompafled them, 
that is to fay, the white Spot was grown a white Ring 
equal to the firft of thofe dark Rings, and the firft of 
thofe luminous Rings was now grown equal to the fe- 
cond of thofe dark ones, and the fecond of thofe lumi- 
nous ones to the chant of thofe dark ones, and fo on. 
For tl re Diameters of the luminous Rings were now 1%, 
Mes 22» $1500. ANICMED, 

TEM the diftance between the incident and reflected 
beams of Light became a little bigger, there emerged 
out of the middle of the dark Spot after the indico a 
blue, and then out of that blue a pale green, and foon 
after a yellow and red. And when the Colour at the 
center was brighteft, being between yellow and red 
the bright Rings were grown equal to thofe Rings which 
in the four firit Obfervations next encompafled them ; 


faut t 


| 107 | 

that 1s to fay, the white Spot in the middle of thole 
Rings was now become a white Ring equal to the firft 
of thofe bright Rings, and the firft of thofe bright ones 
was now become equal to the fecond of thofe, and fo 
on. For the Diameters of the white Rings, and of the 
other luminous Rings incompafling it, were now 1:5, 

5, 273, 28, (9c. or thereabouts. 

When the diftance of the two beams of Light at the 
Chart was a little more increafed, there emerged out 
of the middle in order after the red, a purple, a blue, 
a green, a Mri and a red inclining dud to purple, 
and when the Colour was brighteft being between yel- 
low and red, the former indico, blue, e yellow and 
red, were becor me an Iris or Ring of Colours equal 
to the firft of thofe luminous Rings which appeared in 
the four firft Obfervations, and the white Ring which 
was now become the fecond of the luminous tes Was 
grown equal to the fecond of thofe, and the firft of 
thofe which was now become the third Ring was be- 
come the third of thofe, and fo on. For their Diame- 
ters were I:$, 28, 212, 3% Inches, the diftance of the 
two beams of Light, and the Diameter of the white 

Xing being 2i Inches. 

When thefe two beams became more diftant there 
emerged out of the middle of the purplifh red, firft a 
darker ‘ound Spot, and then out ot the middle of that 
Spot abrighter. And now the former Colours (purple, 


opt 


A >, green, yellow, and purplit th red) were ig tae a 


| 
Ring equal to the firft of the bright Rings mentioned 1n 
the four firft Obferv: ations, and the Ring about this 
Ring were grown equal to the Rings about that re- 
{pectively ; the diftance between the two beams of 

P5 Light 
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Light and the Diameter of the white Ring ( which 
was now become the third Ring) being about 3 In- 
ches. 

The Colours of the Rings in the middle began now 
to grow very dilute, and if the diftance between the 
two beams was 1ncreafed half an Inch, or an Inch morc, 
they vanifhed whilft the white Ring, with one or two 
of the Rings next it on either fide, continued ftill vi- 
fible. But if the diftance of the two beams of Light 
was ftill more increafed thefe alfo vanifhed : For the 
Light which coming from feveral parts of the Hole in 
the Window fell upon the Speculum in feveral Angles of 
incidence made Rings of feveral bignefles, which diluted 
and blotted out one another, as I knew by intercepting 
{ome part of that Light. For if] intercepted that part 
which was neareft to the Axis of the Speculum the 
Rings would be lefs, if the other part which was re- 
moteft from it they would be bigger. 


OD gr Aq. 


When the Colours of the Prifm were caft fucceffivel y 
on the Speculum, that Ring which in the two laft Ob- 
fervations was white, was of the fame bignefs in all the 
Colours, but the Rings without it were greater in the 
green than in the blue, and ftill greater in the yellow, 
and greateft in the red. And, on the contrary, the 
Rings within that white Circle were lefs in the green 
than in the blue, and ftill lefs in the yellow, and leaft 
inthe red. For the Angles of reflexion of thofe rays 
which made this Ring being equal to their Angles of 
incidence, the fits of every reflected ray within the Glafs 

after 
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after reflexion are equal in length and number to the 
fits of the fame ray within the Glafs before its incidence 
on the reflecting furface ; and therefore fince all the rays 
of all forts at their entrance into the Glafs were in a fit 
of tranfmiffion, they were alfo in a fit of tranfmiffion at 
their returning to the fame furface after reflexion ; and 
by confequence were tranfmitted and went out to the 
white Ring on the Chart. ‘This is the reafon why that 
Ring was 2". the fame bignefs 1n all the Colours, and 
why i in a mixture of all it appears white. But in rays 
which are reflected 1n other Angles, the intervals of the 
hts of the leaft refrangible being greateft, make the 
Rings of their Colour in their progrels from this white 
Ring, either outwards or inwards, increafe or decreafe 
by the greateft fteps ; fo that the Rings of this Colour 
without are greateft, and within leaft. And this is the 
reafon why 1n the laft Obfervation, when the Specu- 
lum was illuminated with white Light, the exterior 
Rings made by all Colours appeared red without and 
blue within, and the interior blue without and red 
within. 
Thefe are the Phenomena of thick convexo-coneave 
plates of Glafs, which are every where of the fame 
thicknefs. [here are yet other Phenomena when thefe 
plates are a little thicker on one fide than on the 
other, and others when the plates are more or lefs con- 
cave MEE convex, or plano-convex, or double-convex. 
For in all thefe ccs the plates make Rings of Colours, 
but after various manners ; all which, fo far as | have 
ret obferved, follow from the Propofitions in the end. 
of the third part of this Book, and fo confpire to con- 
firm the truth of thofe Propofitions. But the Pheno- 
mena 
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mena are too various, and the Calculations whereby 
they follow from thofe Propofitions too intricate to be 
here profecuted. 1 content my felt with having profe- 
cuted this kind of Phenomena fo far as to difcover their 
caufe, and by difcovering it to ratify the Propofitions 
in the third Part of this Book. 


Q'B ib IM 


As Light reflected by a Lens quick-filvered on the 
back-fide makes the ie of Colours above de- 
{cribed, fo 1t ought to make the like Rings of Colours 
in pafling through adrop of Water. At ‘the firft re- 
flexion of the rays within the drop, fome Colours ought 
to be tranfmitted, as in the cafe of a Lens, and others 
to be refle&ted back to the Eye. For inftance, if the 
Diameter of a fmall drop or globule of Water be about 
the 500th arie an Inch, fo that a red-making ray 1n 
paffing through the middle of this globule has 250 fits 
of eafy tranfmiffion within the globule, and that all the 
red-making rays which are at a certain diftance from 
this middle 1 ray round about it have 249 fits within the 

globule, and all the like rays at a certain further di- 
ftance round about it have 248 fits, and all thofe at a 
certain further diftance 247 fits, and fo on ; thefe con- 
centrick Circles of rays after their tranfmiftion, falling 
on a white Paper, will make concentrick rings of red 
upon the Paper, fuppofing the Light which pafles 
through one ingle globule ftrong enough to be fenfible. 
And, in like e the rays of other Colours will 
make Rings of other Colours. Suppofe now that in a 
fair day the Sun fhines through a thin Cloud of fuch 


globules 
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globules of Water or Pen and that the globules are all 
of the fame bignefs, and the Sun feen through this Cloud 
fhall appear incompa! fled with the like concentrick Rings 
of Colours, and the Diameter of the firft Ring of red 
fhall be 7: degrees, that of the fecond 10-degrees, that 
of the third 12 degrees 33 minutes. And a iccordingly 
as the globules of "Wi ater are bigger or lefs, the Rings 
hall be lefs or bigger. his is the lheory, and expe- 
rience anfwers it. Por in Sfune 1692. | faw by reflexion 
ina Veflel of ftagnating Water vidi: Halos Crowns or 
Rings of Colours about’ the Sun, like three little Rain- 
bows, concentrick to his Body. The Colours of the 
firft or innermoft Crown were blue next the Sun, red 
without, and white in the middle between the blue 
and red. Thofe of the fecond Crown were purple and 
blue within, and pale red without, and green in the 
middle. And thofe of the third were pale blue with- 
in, and pale red without ; thefe Crowns inclofed one 
another immediately, {fo that their Colours proceeded 
in this continual order from the Sun outward: blue, 
white, red; purple, blue, green, pale yellow and red ; 
pale blue, pale red. The Diameter of the fecond Crown 
meafured from the middle ofthe yellow and red on one 
fide of the Sun, to the middle of the fame Colour on 
the other fide was 9: degrees, or thereabouts. The Dia- 
meters of the firft and third 1 had not time to meafure, 
but that of the firft feemed to be about five or fix de- 
grees, and that of the third about twelve. The like 
Crowns appear fometimes about the Moon ; for in the 
gis 19 of the year 1664, Feér. 19th at night, | faw 
vo {uch Crowns about her. The Diameter of the hr(t 
or Pinnetoioffqvas about three degrees, and that of the 
tecond 
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fecond about five degrees and an half. Next about the 
Moon was a. Circle of white, and next about that the 
inner Crown which was of a bluifh green within next the 
white, and ofa yellow and red without, and next about 
thefe Colours were blue and. green on the infide of the 
outward Crown, and red on the outfide of it. At the 
{ame time there appeared a Halo about 22 degrees 35 
diftant from the center of the Moon. It was Elliptical, 
and its long Diameter was ear to the Horizon 
verging below fartheft from the Moon. lam told that 
the Moon has fometimes three or more concentrick 
Ai ns of Colours incompaffing one another next about 
her Body. The more equal the globules of Water or 
Ice are to one another, the more Crowns of Colours 
will appear, and the Colours will be the more lively. 
T he Halo at the diftance of 22: degrees from the Moon 
is of another fort. By its being oval and remoter from 
the Moon below than above, | conclude, that it was 
made by refraction 1n fome fort of Hail or "Snow floating 
in the Air in an horizontal Pofture, the refracting Angle 
being about 58 or 60 degrees. 
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Obfervations concerning the [nflexions of the rays of Light, 
and the Colours made ther eby. 


Rimaldo has informed us, that if a beam of the 
d Light be let into a dark Room through a 
very fmall Hole, the fhadows of things in this Light 
will be larger than they ought to be if the rays went 
on by the Bod; lies 1n freight. Lines, and that thefe fha- 
dows have three paralle 1 fringes, bands or ranks of co- 
loured Light adjacent to them. But if the Hole be 
enlarged the fringes grow broad and run into one ano- 
ther, fo that they cannot be diftinguifhed. "Thefe broad 
(hadows and fringes have been reckoned by fome to pro- 
ceed from the ordinary refraction of the Air, but with- 
out due examination of the matter. For the circum- 
{tances of the Phenomenon, fo far as | have obferved 
them, are as follows. 
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I made in a piece of Lead a {mall Hole with a Pin, 
whofe breadth was the 4 ath part of an Inch. For 21 
of thofé Pins laid toge M or took up the breadth of half 
an Inch. Throat igh tl iis Hole I let into my darken ed 
Chamber a beam of the Sun's Light, and found that the 
(isa ossa Thred,Pins,Straws, and fuch like flen- 
der fübftances placedi in this beam of Light, were confider- 
ably broader than they ought to be, if the rays of Light 
pafied on by thefe =e iesin right Lines. And particu- 
larly a Hair of a Man’s Head, whofe breadth was but 
the 25oth part of an Inch, being held 1n this Light, at 
the diftance of about tw ib Feet from the Hole, did 

caft a fhadow which at the diftance of four Inches from 
the Hair was the fixtieth part of an Inch-broad, that is, 
above four times broader than the Hair, and at the di- 
ftance of two Feet from the Hair was about the eight 
and bre 1 part of an Inch broad, thatis, ten times 
broader than the Hair, and at the diftance of ten Feet 
was the MR part of an Inch broad, that 1s 35 times 
broader. 

Nor is it material whether the Hair be incompaffed 
with Air, or with any other pellucid fubftance. For 1 
wetted a ‘polifhed plate of Glafs, and laid the Hair in 
the Water upon the Glafs, and then laying another po- 
lifhed n of Glafs upon it, fo that the W ater might 
hill up the fpace between the Glafies, I held them in 
the aforefaid beam of Light, fo that the Light might 
pafs through them perpendicularly, and the fhadow 
of the Hair was at the tame diitances as big as before. 
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The fhadows of f S made in polifhed plates of 
Glafs werealío much broader than they ought to be, 
and the Veins in polifhed plates of Glats did : iio caft the 
like broad fhadows. And therefore the great breadth 
of thefe fhadows proceeds from fome other caufe than 
the refraction of the Air. 

Let the Circle X re prp the middle of the Hair ; 
ADG, BEH, CFI, three rays Sete by one fide af 
the Hair at feveral diftances ; KNQ, LOR, MPS 
three other rays paffing by the other fide of the Hair at 

the like diftances ; D, E, F and N, O, P, the places 
where the rays aie but in their paffage by the Hair ; 

G, H, Land Q, R, S, the places where the rays fall on 
a a Paper GQ: Sd the pad of the fhadow of the Hair 
caft on the Paper, and I'l, VS, two rays pafling to the 
points I and S without bending n hen the Hair 1s taken 
away. And it’s manifeft that all the Light between 
theíe two rays AI and VS is bent in paffing by the 
Hair, and turned afide from the fhadow 1S, becaufe 1f 
any part of this Light were not bent it would fall on 
the Paper within the fhadow, and there illuminate the 
Paper contrary to experience. And becaufe when the 
Paper i is at a great diftance from the Hair, the fhadow 
is broad, and ! the refore the rays 11 and VS are at a 
great diam ce from one another, it follows that the 
Hair acts upon the rays of Light at a good diftance in 
their paffing by it. But the -a&ion is | ftrongelt on the 
rays which pafs by at leaft diftances, and grows weaker 
and weaker accordingly as the rays pats by at diftances 
greater and greater, as is reprefented in the Scheme : 
For thence 1t comes to pats, that the fhadow of the 
Hair is much broader in proportion to the diftance of 
q p the 
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the Paper from the Hair, when the Paper 1s nearer the 
Hair than when it isata great diftance from it. 


QUE SE 


The fhadows of all Bodies ( Metals, Stones, Glafs, 
Wood, Horn, Ice; £c. ) in this light were bordered 
with three parallel fringes or bands of coloured Light, 
whereof that which was contiguous to the fhadow was 
broadeft and moft luminous, and that which was re- 
moteft from it was narroweft, and fo faint, as not eafily 
to be vifible. It was difficult to di (tinguith the Colours 
unlefs when the Light fell very obliquely upon a fmooth 
Paper, or fome other fmooth vvhite Body, fo as to make 

them appear much broader than they v ou otherwife 
do. And then the Colours were plainly vifible in this 
order: T he firft or innermoft fringe was violet and deep 
blue next the fhadovv, and then light blue, green and 
yellovv in the middle, 'and red vvithout. The fecond 
tringe vvas almoft contiguous to the firft, and the third 
to the fecond, and both vvere blue vvithin and yellovv 
and red vvithout, but their Colours vvere very faint 
efpecially thofe of the third. The Colours therefore 

proceeded i in this ae from the fhadovv, violet, indico, 
pale blue, green, yellovv, red ; blue, yellow red ; ‘ pale 
blue, pale yellovv and ‘red. The thadows made by 
fcratches and bubbles in polifhed plates of Glafs vvere 
bordered vvith the like fringes of coloured Light. And 
if plates of Looking-glafs loop’ d off near the edges vvith 
a Diamond cut, be held in the fame beam of Light, the 
Light which pafies through the parallel planes of the 
Glafs will be be bordered with the like fringes of Co- 


lours 
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lours where thofe Planes et with the Diamond cut, 
and by this means there will fometimes appear four or 
five fringes of Colours. Let AB, CD reprefent the J 
parallel planes of a Looking-glafs, iud BD the plane 
of the Dia mond-cut, making : at B a very obtufe Angle 
with the plane AB. And let all the L ight between the 

rays EN ] and F BM pats directly through the parallel 
planes of the Glafs, and fall upon the Paper between 1 
and M, and all the Light between the rays GO and 
HD be refracted by the oblique plane of the Diamond 
cut B D,and fall upon the Paper between K and L ; and 
the L Aght w hich pafles diretly through the parallel 
planes of the Glafs, and falls upon the "Paper between 
| and M, will be bordered with three or more fringes 


at M. 
Ou So HI. 


When the Hair was twelve Feet diftant from the 


E, 
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Hole, and its fhadow fell obliquely upon a flat vvhite 
fcale of Inches and parts of an Inch placed half a Foot 
beyond it, and alfo when the fhadow fell perpendicu- 
larly upon the fame fcale placed nine Feet beyond it; 
[ meafured the breadth of the fhadow and fringes ba 
accurately as I could, and found them in parts p an 
Inch as follows. 
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At the diftance of 


The breadth between the middles of the 
brighteft Light of the innermoft fringes| 
on either fide the fhadow 


The Un adth betw een the middles of the 
brightett Light x the middlemoft frin- 
ges on either fide the fhadow 


p ——M 


The breadth between the middles of the 


half a 
Foot. 


brighteft Light of the outmott fringes];g or + 


on either fide the fhadow 


The diftance between the middles of the 
brighteft Light of the firft and fecond. 
fringes 


tte Rn a ee OE 


Flic diftance between the aid tes: of the 
brighteft Light of the fecond and third 
fringes 


‘Lhe breadth of the luminous part (green, 
white, yellow and red ) of the firft 
fringe 

The breadth of the darker {pace between 
the firft and fecond fringes. 


— —— a es 


‘Uhe breadth of the luminous part of the! 


{econd frihge 


T he breadth of the darker {pace between| 
the fecond and third fringes. | 


nine 


Feet. 
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eafures 1 * by letting the fhadow of 
Hair at halt a Foot diftance ‘fall fo obliquely on 
fcale as to appear twelve times broader than vvhen 
fell perpe 'ndicularly on it at the fame diftance, and fet- 
ting down in this lable the twelfth part of the mea- 


fures I then took. 


GBS. rv 

When the fhadovv and fringes vvere caft bot id 
upon a {mooth vvhite Body, and that Body was remc ! 
Ms further and further from the Hair, the firft ie 
can to appear and look brighter than the reft of the 

hs at the diftance oflefs. than a quarter of an Inch 
rom the Hair, and the dark line or fhadovv eee 
that and the coe fringe began to appear at a lefs di- 
ftance from the Hair chim that of the third part of an 
Inch. The fecond fringe began to appear at a in ance 
from the Hair of lefs than halfan Inch, and the fhadow 
yetween that and the third fringe ata diftance lets sth: in 
an Inch, and the third fringe at a diftance lefs than three 
inches. . At greater dif tances they became much more 
but ke pt very nearly the fame proportion of 
heir aks and intervals which they had at their firft 
appe aring. For the diftance between the middle of the 
firft and middle of the fecond fringe, was to the diftance 
between the middle of the fecond and middle of the 
third fringe, as three to two, or ten tofeven. And 
the laft of thefe two diftances vvas equal to the breadth 
of the bright Light or luminous part of the firit fringe. 
And this breadth vvas to the breadth of the bright Light 
of the fecond fringe as feven to four, and to the dark 
intervak 
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interval of the firft and fecond fringe as three to two, 
and to the like dark interval between the fecond and 
third as two to one. For the breadths of the fringes 
feemed to be 1n the progrefhon of the numbers 1, ^ 
E and their intervals to be in the fame progreffion 
vith them ; that 1s, the fringes and their intervals to- 
9c the r to be in the continual progreffion of the numbers 
1, Vis V5, V4, V 1» or thereabouts. And thefe pro- 
portions held the fame very nearly at all diftances from 
the Hair ; the dark Intervals of the fringes being as 
broad in proportion to the fringes at their hrít appea- 
rance as vd ards at great diftances from the Hair, 


though not fo dark and diftin&t. 
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The Sun fhining into my darkened Chamber through 
lole a us rter of an Inch broad; I placed at the di- 
(tance of two or three Feet iral the Hole a Sheet of 
Paft-boa idi vvhich vvas black'd all over on both fides, 
and in the middle of it had a Hole about three quarters 
of an Inch aes for the Light to pafs through. And 

ehind the Hole I faftened to the Patt-board vvith Pitch 
lade of a [harp. Knife, to intercept. fome part of 

ight vvhich pafled through the Hole. The planes 
the Patchiauae and blade of the Knife vvere parallel 
to one another, and perpendicular to the rays. And 
\ i ge they Y vere 1o placed that none of the Sun's Light 

| on the Paft-board, but all of it paffed through the 
Eo to the Knife, and there part of 1t fell upon the 
lade of the UE and part ot it pafled by its edge: 
let this part of the Light vvhich paffed by, fall on a 
vvhite 


€x L 
«oL 


el 
ri er 
a 


OT 


r 4 
L i P| | 
idus two or three Feet beyond the Knife, and 
aw two ftreams of faint Light fhoot out both 
ways from the beam of Light into thefhadow like the 
tails of Con 
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But becaufe the Sun's dire& Light by 
g upon the Paper obfcured the fe pone 
ftreams, fo that I could fcarce fee them, I madea little 
Hole in the midft of the Paper for that Light to pafs 
through and fall on a black cloth behind it ; and then 
I faw the two ftreams plainly. They were like one 
another, and pretty nearly equ ual in length and breadth, 
and quanti ty of L Ebr Their Light at that end next 
irect Lis oht was pretty {trong for the {pace of 
uarter of an Inch, or half an Inch, and in all 
re a from that dire& Light decreafed g gradually 
secame infenfible. The whole length ot either of 
| ftreams meafured upon the Paper at the diftance 
of three Feet from the Knife was about fix or eight 
Inches ; fo that it fubtended an Angle at the edge of 
the Knife of about 10 or 12, or at moft 14 degrees. 
Yet fometimes I thought I faw it fhoot three or four 
degrees further, but with a I Aghtío very faint that I 
could fcarce perceive it, and fulpected it might (in 
fome meafure at leaft) arife from tome other caufe than 
the two ftreams did. For pla icing my Eye in that Light 
. beyond the end of that ftream which was behind the 
Knife, and looking towards the Knife, | could fee a 
line of Light upon its edge, and that not only when 
my Rye w Je in the line of the ftreams, but alfo when 
it was without that line either towards the point of the 
Knife, or Ne thehandle. "This line of Light ap- 
peared contiguous to the edge of the Knife, and was 


narrower than the Light of the innermoft fringe, and 
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narroweft when my Eye was furtheft from the dire& 
Light, and therefore feemed to pafs between the Light 
of that fringe and the edge of the Knife, and that 
which pafled neareft the edge to be moft bent, though 
not all of it. 
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I placed another Knife by this fo that their edges 
-might be parallel and look towards one another, and 
that the beam of Light might fall upon both the Knives, 
and fome part of it pafs between their edges. And 
when the diftance of their edges was about the 4octh 
art of an Inch the ftream parted in the middle, and 
left a fhadow between the two parts. This fhadow 
was fo black and dark that all the Light which paffed 
between the Knives feemed to be bent, and turned afide 
to the one hand or tothe other. Andasthe Knives ftill 
approached one another the fhadow grew broader, and 
the ftreams fhorter at their inward ends which were | 
next the fhadow, until upon the contact ofthe Knives — | 
the whole Light vanifhed leaving its place to the | 
fhadow. | 
And hence I gather that the Light which isleaft | 
bent, and goes to the inward ends of the ftreams, paf- 
fes by the edges of the Knives at the greateft diftance, 
and this diftance when the fhadow begins to appear be- 
tween the ftreams 1s about the eight-hundredth part of 
an Inch. And the Light which paffes by the edges of 
the Knives at diftances ftill lefs and leis is more and 
more bent, and goes to thofe parts of the ftreams which 
are further and further from the direct Light, becaufe 
when 
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when the Knives approach oneanother till they touch, 
thofe parts of the ftreams vanifh laft which are furtheft 
from the direct Light. 


OBS VIE 


In the fifth Obfervation the fringes did not appear, 
but by reafon of the breadth ofthe Hole in the Win- 
dow became fo broad as to run into one another, and 
by joyning make one continued Lightin the beginning 
of the ftreams. But in the fixth, as the Knives ap- 
proached one another, a little before the fhadow ap- 
peared between the two ftreams, the fringes began to 
appear on the inner ends of the {treams on either fide 
of the dire&t Light, three on one fide made by the edge 
of one Knife, and three on the other fide made by the 
edge of the other Knife. They were diftin&eft when 
the Knives were placed at the greateft diftance from the 
Hole in the Window, and ftill became more diftin& by 
making the Hole lefs, infomuch that I could fometimes 
fee a faint lineament of a fourth fringe beyond the three 
above-mentioned. And as the Knives continually ap- 
proached one another, the fringes grew diftin&er and 
larger until they vanifhed. ‘The outmoft fringe va- 
nifhed firft, and the middlemoft next, and the inner- 
moft laft. And after they were all vanifhed, and the 
line of Light which was 1n the middle between them 
was grown very broad, enlarging it felf on both fides 
into the ftreams of Light defcribed in the fifth Obfer- 
vation, the above-mentioned fhadow began to appear 
in the middle of this line, and divide it along the middle 
into two lines of Light, and increafed until the whole 
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Light vanifhed. This inlargement of the fringes was 
fo great that the rays w hich coto the innermoft fringe 
(cemed to be bent above twr enty times more when dias 
fringe was ready to vanifh, than when one of the Knives 
was taken away. 

And from this and the former Obfervation compared, 
Igather, that the Light of the firft fringe pafled by the 
edge of the Knife at a diftance sreater than the eight- 
hundredth part of an Inch, a and the Light of the fecond 
fringe pafled by the edge of the Knife at a greater di- 
ftànce than the Light of the firft fringe did, and that 
of the third at a greater diftance than that of the fe- 
cond, and that of the ftreams of Light defcribed in 
the fifth and fixth Obfervations pafied by the edges 
of the Knives at lefs diftances than that of any of the 
fringes. 


Oy Bes.) VIELE 


I caufed the edges of two Knives to be ground truly 
ftreight, and pricking their points into a board fo t that 
their edges might look towards one another, and meet. 
ing near > their points contain a rectilinear Angle, I faft- 

ned their handles together with Pitch to m: ake this 
Angle invariable. The diftance of the edges of the 
Knives from one another at the diftance of four Inches 
from the angular point, where the edges of the Knives 
met, was the eighth part of an Inch, and therefore the 
Angle contained by the edges was about 1 degr. 54. 
The Knives thus fixed together I placed in a beam of 
the Sun’s Light, let into my darkened Chamber through 
a Hole the 42th part of an Inch wide, at the diftance 


of 
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of ten or fifteen Feet from the Hole, and let the Light 
which pafled between their edges fall very ob liquely 
upon a fmooth white Ruler at the diftance of half an 
Inch, or an Inch from the Knives, and there faw the 
fringes made by the two edges of the Knives run along 
the edges of the fhadows of the Knives in lines paralle | 
to thole edges without growing fenfibly broader, till 
they met in Angles equal to the Angle contained by the 
edges of the : Kniv es, and where they met and joyned 
they ended without crofhng one another. But if the 
Ruler was held at a annes greater diftance from the 
P aper, the fringes became fomething broader and broader 
as they appro: iched one another, and after they met 
they crofled one another, and then became much broader 
than before. 

Whence | gather that the diftances at which the 
fringes pafs by the Knives are not increafed nor altered. 
by the approach of the Knives, but the Angles in which 
the rays are there bent are much increafed by that ap- 
proach ; ; and that the Knife which is neareft any ray 
determines which way the ray fhall be bent, and the 
other Knife increafes the bent. 


Odes. . DX. 


When the rays fell very obliquely upon the Ruler at 
the diftance of the third part of an Inch from the Knives, 
the dark line between the firft and fecond fringe of the 
band of one Knife, and the dark line between the 

irft and fecond fringe of the fhadow of the other Knife 

net with one another, at the diftance of the fifth part 
it an Inch from the end of the Light which pafled be- 
tween 
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tween the Knives at the concourfe of their edges. And 
therefore the diftance of the edges of the Knives at the 
meeting of thefe dark lines was the 16oth part of an 
Inch. For as four Inches to the eighth part of an Inch, 
fo is any length of the edges of the Knives me eafured 
from the point of their concourfe to the diftance of the 
edges of the Knives at the end of that length, and fo is 
the fifth part of an Inch to the 160th part. So then the 
dark lines above-mentioned meet in the middle of the 
Light which pafles between the Knives where they are 
diffant the 160th part of an Inch, and the one half of 
that Light pafles by the edge of one Knife at a diftance 
not greater than the 320th part of an Inch, and falling 
upon the Paper makes the fringes of the fhadow of that 
Knife, and the other half pafles by the edge of the 
other Knife, at a diftance not greater than the 320th 
part of an Inch, and falling upon the Paper makes the 
fringes of the fhadow of the other Knife. But if the 
Paper be held at a diftance from the Knives greater than 
the third part of an Inch, the dark lines above-men- 
tioned meet at a greater diftance than the fifth part of 
an Inch from the end of the Light which paffed be- 
tween the Knives at the concouile of their edges; and 
therefore the Light which falls upon the Paper where 
thofe dark lines meet pafles between the Knives 
where their edges are diftant above the 16oth part of 
an Inch. 

For at another time when the two Knives were di- 
ftant eight Feet and five Inches from the little Hole in 
the W indow, made with a {mall Pin as above, the Light 
which fell upon the Paper where the aforefaid dark 
lines met. pafled between the Knives, where the di- 
{tance 
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ftance between their edges was as in the followine 
é e 
Table, when the diftance of the Paper from the Knives 
was alfo as follows. 


Diftances of the Paper | Diftances between the edges 
i - : > 
from the Knives in| of the Kyives in mille- 


Inches. fimal parts of an Inch, 
I. O'O12. 
I b 
di p e. 
: 0034. 
23. o 057. 
96. O'o8I. 
ait: 0’087. 


And hence I gather that the Light which makes the 
fringes upon the Paper is not the fame Light at all di- 
ftances of the Paper from the Knives, but when the Pa- 

er is held near the Knives, the fringes are made by 
Light which paffes by the edges of the Knives at a lefs 
diftance, and is more bent than when the Paper is held 
at a greater diftance from the Knives. 


OQ B X. 


When the fringes of the fhadows of the Knives tell 
perpendicularly upon a Paper at a great diftance from 
the Knives, they were 1n the form of Hyperbolas, and 
their dimenfions were as follows. Let CA, CB repre- 
fent lines drawn upon the Paper parallel to the edges of 
the Knives, and between which all the Light would 
fall, if it paffed between the edges of the Knives with- 


out inflexion ; DE a right line drawn through C making 
the 
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the Angles ACD, van E, equal to one another, and 


Ithe Lis ight whith falls upon the Paper from 


‘terminating all the 

the point where the edges of the Knives meet ; eis, fk t, 
and glv, three hyperbo jical lines reprefenting the ter- 
minus of the fhadow of one of the Knives, thedark line 
between the firft and fecond fringes of that fhadow, and 
the dark line between the fecond and third fringes of 
the fame fhadow ; xip, ykq and alr, three other Hy- 
perbolical lines reprefenting the terminus of the (hadow 
of the other Knife, the dark line between the firft and 
fecond fringes of that fhadow, and the dark line be- 
tween the fecond and third. fringes of the fame fhadow. 
And conceive that thefe three Hyperbolas are like and 
equal to the former three, and crofs them in the points 
1, k and 1, and that the fhadows of the Knivesare termi- 
nated and dift inguifhed from the firft luminous fringes 
by the lines e1s and xip, until the meeting and crof- 
fing of the fringes, and then thofe lines gea the fringes 

in the form of dark lines, terminating the firft luminous 
fringes within fide, and diftinguifhing them from ano- 
25 Light which begins to appear at 1, and illuminates 
all the triangular fpace 1p D Es comprehended by thefe 
dark lines, "and the right line DE. Of thefe Hy- 

perbolas one Afymptote 1s the line D E, and their other 
Afymptotes are parallel to the lines CA and CB. Let 
rv reprefent a line drawn any where upon the Paper 
parallel to the Afymptote D E, and let this line crofs 
the right lines AC in m and BC in n, and the fix dark 
hyperbolical lines in p, q, r;s, t, v ; and by meafuring 
the diftances ps, qt, r v, d geiles collecting the 
the lengths of the ordinates np, nq, nr or ms, mt, 

m v, and doing this at feveral diftances of the line rv, 


from 
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from the Afymptote DE you may find as many points 
of thefe Hyperbolas as you pleafe, and thereby know 
that thefe curvelines are Hyperbolas differing little from 
the conical Hyperbola. And by meafuring the lines 
Ci, Ck, Cl, you may find other points of thefe 
Curves. 

For inftance, when the Knives were diftant from the 
Hole in the Window ten Feet, and the Paper from the 
Knives 9 Feet, and the Angle contained by the edges of 
the Knives to which the Angle A C B 1s equal, was s fub- 
tended by a chord which was to the Radius as 1 to 32, 
and the diftance of the line rv from the Afymptote DE 
was half an Inch : I meafured the lines ps, qt, rv, 
and found them 0’35, o'65, 0’98 Inches refpettively, 
and by adding to es h Ar: the line; mn (which here 
was the 128th part of an Inch, or o "0078 Inches ) the 
fums np, nq, nr, were o "1848, 0'3328, 04978 In- 
ches. 1 meafured alfo the diflances of the brighteft 


parts of the fringes which run between pq and st, qr 
and tv, and next beyond r and v, and found them o'5, 
o'8, and 1 '17 Inches. 


OB 5c XL 


The Sun fhining into my darkened Room through a 
fmall round Hole made in a plate of Lead with a {lender 
Pin as above; I placed at the Hole a Prifm to refraét 
the Light, and form on the oppofite Wall theSpe&trum 
of Colours, defcribed in the third Experiment of the 
firft Book. And then l| found that the fhadows of all 
Bodies held in the coloured Light between the Prifm 
and the Wall, were bordered with fringes of the Colour 

Ss of 
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of that Light in which they were held. In the full red 
Light they were totally red without any fenfible blue 
or violet, and in the deep blue Light TY were totalh 
blue without any fenfible red or yellow ; and fo 1n the 
green Light they were totally green, excepting a little 
yellow and blue, which were mixed i in the green a ight 
of the Prifm. And comparing the fringes made inthe 
fevera] coloured Lights, Í found that thole made i in tl 
red Light were largef t thofe made 1n the violet were 
leaft, and thofe made in the green were of a aeg 
bignefs. For the fringes w ith which the fhadow of : 

Man's s Hair were bor dered, being meafured crofs ine 
(hadow at the diftance of fix Inches from the Hair ; the 
diftance between the middle and moft luminous part of 
the firft or innermoft fringe on one fide of the fhadow, 
and that of the like fringe on the other fide of the fha- 
dow, was in the full red Light 2: of an Inch, and in 
the full violet Z. And the like diftance between the 
middle and mott luminous parts of the fecond fringes on 
either fide the fhadow was in the full red Light i, and 
in the violet - of an Inch. And thefe difunces of the 
fringes held the fame proportion at all diftances from 

the Hair without any fenfible variation. 

So then the rays which made thefe fringes in the red 
Light paffed by the Hair ata greater diftance than thofe 
did which made the like fringes in the violet ; and there- 
fore the Hair in caufing thefe fringes. acted alike upon 
the red Light or leaft refrangible rays at a greater di- 
ftance, S upon the violet or moft refrangible rays at 
à lefs "diftance, and by thofe actions difp ofed the red 
Light into larger fringes, and the violet into {maller, 
and the Lights of intermediate Colours into fringes of 

inter- 


lf? 
iv 


[ 13) jj 
intermediate bignefles without changing the Colour of 
of any fort of J ‘ight. 

When therefore the Hair in the firft and fecond of 
thefe Obfervations € held in the white beam of the 
Sun's Light, and caft a fhadow which was bordered with 
three fringes of coloured Light, thofe Colours arofe not 
from any new modifications impreft upon the rays of 
Light by the Hair, but only from the various inflections 
Ww hereby the feveral forts of rays were feparated from 
one another, which before feparation by the mixture 
of all their Colours, compofed the white beam of the 
Sun’s Light, but ih 1enever fepaiated. compofe Lights 
of the fever: al Colours which they are originally difpo- 
fed toexhibit. In this 13th Obfervation, where the 

Colours are feparated before the Light paffes by the 
Hair, the leaft refrangible rays, which when fepara- 
ted ioni the reft make red, were inflected at a greater 
diftance from the Hair, fo as to make three red fringes 
at a greater diftance from the middle of the fhadow of 
the Hair ; and the moft refrangible rays which when 
feparated make violet, were inflected at a lefs diftance 
from the Hair, fo as to make three violet fringes at a 
lefs diftance torn the middle of the fhadow of the Hair. 
And other rays of intermediate degrees of refrangibi- 
lity were inflected at intermediate diftances pend the 
Hair, fo as to make fringes of intermediate Colours at 
intermediate diftances from the middle of the fhadow 
of the Hair. And in the fecond Obfervation, where 
all the Colours aré mixed in the white Light which 
pafles by the Hair, thefe Colours are feparated by the 
variis inflexions of the rays, and the fringes which 
they make appear all together , and the innermoft - 
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fringes being contiguous make one broad fringe compo- 
fed of all the Colours in due order, the violet lying 
on the infide of the fringe next the fhadow, the red on 
the outfide furtheft from the fhadow, and the blue, 
green and yellow, in the middle. And, in like man- 
ner, the middlemoft fringes of all the Colours lying in 
order, and being contiguous, make another broad fringe 
compofed of all the Colours ; and the outmoft fringes 
of all the Colours lying in order, and being contiguous, 
make a third broad. fringe compofed of all the Colours. 
Thefe are the three fringes of coloured Light with 
which the fhadows of all Bodies are bordered in the f2- 
cond Obfervation. 

When I made the foregoing Obfervations, I defigned 
to repeat moft of them with more care and exactnefs, 
and to make fome new ones for determining the man- 
ner how the rays of Light are bent in their paffage by 
Bodies for making the fringes of Colours with the 


dark lines between them. But I was then interrup- 
ted, and cannot now think of taking thefe things into 
further confideration. And fince I have not hnifhed 
this part of my Defign, I fhall conclude, with propo- 
fing only fome Queries in order to a further fearch to 
be made by others. 


Query 1. Do not Bodies a& upon Light at a diftance, 
and by their action bend its rays, and 1s not this action 
(caterts paribus) ftrongeft at the leaft diftance ? 

Qu. 2. Do not the rays which differ in refrangibility 
differ alfo in flexibility, and are they not by their dif- 
ferent inflexions feparated from one another, fo as 
_ after feparation to. make the Colours in the three fringes 


above 
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above defcribed ? And after what manner are they in- 
flected to make thofe fringes? 

Qu. 3. Are not the rays of Light in paffing by the 
edges and fides of Bodies, bent feveral times backwards 
and forwards, witha motion like that of an Eel ? And 
do not the three fringes of coloured Light above-men- 
tioned, arife from three fuch bendings? 

Qu. 4. Do not the rays of Light which fall upon Bo- 
dies, and are reflected or refracted, begin to bend be- 
fore they arrive at the Bodies; and are they not re- 
flected, refracted and inflected by one and the fame 
Principle, acting varioufly in various circumftances? 

Qu. 5. Do not Bodies and Light a& mutually upon 
oneanother, that is to fay, Bodies upon Light in emit- 
ting, reflecting, refracting and infle&ing it, and Light 
upon Bodies for heating them, and putting their parts 
into a vibrating motion wherein heat confifts ? 

Qu. 6. Do not black Bodies conceive heat more eafily 
from Light than thofe of other Colours do, by reafon 
that the Light falling on them 1s not reflected outwards, 
but enters the Bodies, and ts often reflected and re- 
fracted within them, until it be ftifled and loft ? 

Qu.7. Is not the ftrength and vigor of the action. 
between Light and fulphureous Bodies obferved above, 
one reafon why fulphureous Bodies take fire more 
readily, and burn more vehemently , then other Bo- 
dies do? 

Qv. 8. Do not all fixt Bodies when heated beyond a 
certain degree, emit Light and fhine, and is not this 
emiffion performed. by the vibrating motions of their 


parts ? 
9n. 9. 
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Hy. 9. Is not firea Body heated fo hot as to emit 
Light copioufly ? For what elfe 1s a red hot Iron than 
fire? And what elfe is a burning Coal than red hot 
Wood ? 

Ou. 10. Is not flame a vapour, fume or exhalation 
heated red hot, that 1s, fo hot as tofhine? For Bodies 
do not flame without emitting a copious fume, and this 
fume burns in the flame. The Tous Fatuw is a vapour 
fhining without heat, and is there not the fame ditfe- 
rence between this vapour and flame, as between rot- 
ten Wood fhining without heat and burning Coals of 
fire? In diftilling hot Spirits, if the head of the ftill. be 
taken off, the vapour which afcends out of the Still will 
take fire at the flame of a Candle, and turn into flame, 
and the flame will run along the vapour from the Candle 
to the Still. Some Bodies heated by motion or fermen- 
tation, if the heat grow intenfe fume copioufly, and if 
the heat be great enough the fumes will thine and. be- 
come flame. Metals in fufion do not flame for want of 
a copious fume, except Spelter which fumes copioufly, 
and thereby flames. All flaming Bodies, as Oyl, Tal- 
low, Wax, Wood, foffil Coals, Pitch, Sulphur, by 
flaming waite and ^ vanifh into burning inike: which 
{moke, if the flame be put out, is very thick and vifible, 
and fometimes {mells itrongly, but in the flame lofes 
its fmell by burning, and according to the nature of the 
finoke the flame is of feveral Colours, as that of Sul 
phur blue, that of Copper opened with Subiunate 
ercen, that of Tallow yellow. Smoke paffing through 
Hame cannot but grow red hot, and red hot tmoke can 
have no other appearance than that of tlame. 
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Qu. 11. Do not great Bodies conferve their heat ne 
longeft, their parts heating one another, and may no 
great dente and fix d Bodie es, when heated be te 
certain degree, emit Light fo copioully, as by "a ony 
fion and reaction of its Light, and the reflexions and re- 
fractions of its rays within its pores to grow ftill hot- 
ter, tillit comes to a certain period of heat, fuch as is 
that ofthe Sun ? And are not the Sun dnd fix'd Stars 
great Earths. vehemently hot, whofe heat is conferved 
by the greatnefs of the Bodies, and the mutual action 
and reaction between them, and the Light which they 
emit, and whole partsare kept from fuming away, not 
only by their fixity, but alfo by the vaft weight and 
denfity of the rar aei incumbent upon thei 'm, and 
very ftrongly comprefhng them, and condenfing tlie Va- 
pours and exhalations which ud from them? - 

Ou. 12. Do not the rays of Light in falling upon the 
bottom of the Eye excite vibratiads i in the dos nca re- 
£24? Which vibrations, being propagated along the 
folid fibres of the optick Nerves into the Brain, caufe 
the fenfe of feeing. For becaufe denfe Bodies conferve 
their heat a long time, and the denfeft Bodies conferve 
their heat the longeft, the vibrations of their parts are 
of a lafting nature, and therefore may be propagated 
along folid | ibres of uniform denfe matter to a great di- 
ftance, for conveying into the Brain the impreflions 
made upon all the Organs of fenfe. For that motion 
which can continue long i in one and the fame part. of a 
Body, can be propagate ed a long way from one part to 
another, fuppofing the Body homogeneal, fo that the 
motion may not be retlec ted, refracted, interrupted or 


difordered by any unevenn efs of the Body. 
Dy. 12. 
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9u. 13. Donot feveral fort of rays make vibrations 
of feveral bignefles, which according to their bigneffes 
excite fenfations of feveral Colours, much after the 
manner that the vibrations of the Air, according to their 
feveral bignefles excite fenfations af feveral founds ? 
And particularly do not the moft refrangible rays ex- 
cite the fhorteft vibrations for making a fenfation of 
deep violet, the leaft refrangible the largeft for making 
a fenfation of deep red, and the feveral intermediate 
{forts of rays, vibrations of feveral intermediate bignef- 
fes to make fenfations of the feveral intermediate (0+ 
lours ? 

Qu.14. May not the harmony and difcord of Co- 
dabis arife from the proportions of the vibrations propa- 
gated through the fibres of the optick Nerves into the 
Brain, as the harmony and difcord of founds arifes from 
the proportions o of the vibrations of the Air ? For fome 
Colours are agreeable, as thofe of Gold and Indico, and 
others difagree. 

Qu. 15. ‘Are not the Species of Objects feen with both 
bye united where the optick Nerves meet before 
they come into the Brain, the fibres on the right fide 
of both Nerves uniting there, and aiter union going 
thence into the Brain in the Nerve which is on the 
rght fide of the Head, and the fibres on the left fide 
of both Nerves uniting in the fame place, and after 
union going into the Brain in the Nerve which is on 
the left fide of the Head, and thefe two Nerves meet- 
ing in the Brain in fuch a manner that their fibres 
alee but one entire Species or Picture, half of which 
on the right fide of the Senforium comes from the 
right { fide of both Eyes through the right fide of 
both 
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both optick Nerves to the place where the Nerves 
meet, and from thence on the right fide of the Head 
into the Brain, and the other half on the left fide of the 
Senforium comes in like manner from the left fide of 
pus Eyes. For the optick Nerves offuch Animals as 
look the fame way with both Eyes (as of Men, Dogs, 
Sheep, Oxen, Gc. ) meet before they come into the 
Brain, but the optick Nerves of fuch Animals as do 
not look the fame way with both Eyes (as of Fifhes and 
of the Chameleon) do not meet, if I am rightly in- 
formed. 

Qu». 16. When a Man in the dark prefles either cor- 
ner of his Eye with his Finger, and turns his Eyeaway 
from his Finger, he will fee a Circle of Colours like 
thofe in the Pede of a Peacock's Tail ? Do not thefe 
Colours arife from fuch motions excited in the bottom 
of the Eye by the preffure of the Finger, as at other 
times are pe there by Light for caufing Vifion? And 


when a Man by a ftroke upon his Eye fees a Flafh of 
Light, are not the like Motions excited in the Retzna 
by the ftroke? 
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LINEARUM 


TER its DRUTNIS 


} Inee Geometrice fecundum numerum dimen- I. 
fionum equationis qua relatio inter Ordinatas 112 Ore 
& Abfciffas definitur, vel (quod perinde eft) fecun- 

dum numerum punctorum in quibus a linea recta 

fecari poffunt, optime diftinguuntur in Ordines. 

Qua ratione linea primi Ordinis erit Reda fola, ex 

fecundi five quadratici ordinis erunt fectiones Conice 

& Circulus, & ez tertii five cubici Ordinis Parabola 

Cubica, Parabola Neiliana, Ciflois veterum & reli- 

gue quas hic enumerare fufcepimus. Curva autem 

primi generis, (fiquidem recta inter Curvas non eft 
numeranda) eadem eft cum Linea fecundi Ordinis, 

& Curva fecundi generis eadem cum Linea Ordinis 

tertii. Et Linea Ordinis infinitefimi ea eft quam 

recta in punctis 1nfinitis fecare poteft, qualis eft Spi- 

ralis, Cyclois, Quadratrix & linea omnis que per 

radii vel rote revolutiones infinitas generatur. 


Tt 2 SeCtionum 
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I. Se&ionum Conicarum proprietates precipug à 


Proprietates Se- 
ENS Ou Geometris paffim traduntur. Et confimiles funt pro- 


rum competunt oo Curvar um fecundi generis & reliquarum, ut 
wae ™ ex fequenti proprietatum precipuarum enumera- 
tione conftabit. 
Hi. Nam fi re&te plures parallele & ad conicam {e- 

Curvarum fe- Xionem utrinq; terminate ducantur, recta duas ea- 
cundi gene eris Or- . de NET n guns 
dinate, Diame- Twin bifecans bifecabit alias omnes,ideoq; dicitur Dea 
tri, Vervices,Cen- meter figure & recte bifecte dicuntur Ordinatim ap 
Wien isthe Ent Diametrum, & concurfus omnium Dia- 
metrorum eft Centrum houre, & intertettio Curve & 
diametri Vertex nominatur, & diameter illa Axi 
eft cui ordinatim applicate infiftunt ad angulos re- 
étos. Etad eundem modum in Curvis fecundi gc 
neris, fi recte due quavis parallele ducantur occur- 
rentes Curve in tribus punctis: recta que ita fecat 
has parallelas ut fumma duarum partium ex uno fe. 
cantis latere ad curvam terminatarum equetur parti 
tertie ex altero latere ad curvam terminate, eodem 
modo fecabit omnes alias his BO OE curved; in 
tribus punctis occurrentes rectas, hoc eft, ita ut tum- 
ma Retr duarum ex uno ipfius a were. femper 
aquetur i rti tertie ex altero latere. Has itaq; tres 
partes qua hinc inde sequantur, Ordinatim appli. 
catas & rectam fecantem cut ordinatim applicantur 
diametrum & interfectionem diametri & curve Ver- 
ticem & concurfum duarum diametrorum Centrum 
nominare licet. Diameter autem ad Ordinatas re- 
&angula fi modo aliqua fit, etiam .dxis dici poteft, 
& ubi omnes diametri in d puncto concurrunt 
iftud erit Centrum generale. 


[11] 
Hyperbola primi generis duas ZZ[ysptotos, eate- — 1V. —. 
cundi tres,ea tertii quatuor & non plures habere po-, Pn, ise 
teft, & fic in reliquis... Et quemadmodum partes te | 
lines cujufvis recte inter Hyperbolam Conicam & 
duas ejus Afi ymptotos funt hinc inde equales : i in 
Hyperbolis fecundi generis fi ducatur recta qua 
fecans tam Curvam quam tres ejus ‘Afymptotos i ip 
tribus punctis, fumma duarum partium iftius recta 
quaa duobus quibufvis Afymptotis in eandem pla- 
gam ad duo pun&a Curve extenduntur equalis erit 
parti terti que a tertia Afymptoto in plagam con- 
trariam ad tertium Curve punctum extenditur. 
Et quemadmodum in Conicis feétionibus non Pa- 
rabolicis quadratum Ordinatim applicate, hoc eft, 7^ 
CE cca um Ordinatarum que ad contrarias par- ~ 
tes Diametri ducuntur, eft ad rectangulum partium 
Diametri quz. ad Vertices Ellipfeos vel Hyp erbole 


terminantur,ut data quad: am Haha gue dicitur Latu: 


17 
eclum, ad partem diametri que inter Vertices jacet 


& dicitur Latus trai nf ver | lum : p in Curvis non Para 


lrd- 
bolicis Iecundi generis Parallelepipedum {ub tribu 
Ordinati Bagni licatis eftad Paralle eee fubp 
tibus Diametriad Ordinatas & tres Vertice figura ab. 
fciffis, i in ratione quadam data: in qua r: ati one fi fu 
mantur tres recte ad tres partes diametri inter ver 
tices figure fitas fingule ad fingulas, tunc illa 
recte dici poffunt T s ‘a reca f 1oure, & ille partes 
Diametri inter Vertices Latera tra af ver Ja Et ficut 
in Parabola Conica que ad unam & eandem diame. 
trum unicum tantum habet Verticem, rectangulum 
fub Ordinatis equatur rectangulo fub parte Diametri 
que ad Ordinatas & Verticem abfeinditur & is 
quada 
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quadam data qua Latus rectum dicitur,fic in Curvis 
fecundi generis quz non nifi duos habent Vertices ad 
candem Diametrum, Parallelepipedum fubOrdinatis 
tribus sequatur Parallelepipedo fub duabus partibus 
Diametri ad Ordinatas & Vertices illos duos abfciffis, 
& re&a quadam data que proinde Latus rectum 
dici poteft. 

Deniq; ficut in Conicis fe&ionibus ubi due paral- 
lele ad Curvam utrinq; terminate fecantur a dua- 
. bus parallelis ad Curvam utrinq; terminatis, prima 
a tertia & fecunda a quarta, rectangulum partium 
E ime eft ad re&angulum partium terti» ut reétan- 

gulum partium fecunde ad rectangulum partium 

quarte: fic ubi quatuor tales rectz occurrunt Curve 
fecundi generis fingule in tribus punctis, parallele- 
pipedum partium prime recte erit ad parallelepide- 
dum partium tertiz, ut parallelepipedum partium 
fecunde ad parallelepipedum partium quarte. 

Curvarum fecundi & fuperiorum generum zque 


jabo- LOE prumt one omnia in infinitum progredientia 


um pla- Ve Hy per bolict funt Weis vel Parabolicz. Crus Hy- 


perbolicum voco quod ad Afymptoton aliquam in in- 
tinitum appropinquat, Para£olicum quod Af lymptoto 
deftituitur. Hec crura ex tangentibus optime dig- 
nofcuntur. Nam { fi punctum contactus in hir erm 
abeat tangens cruris Hyperbolici cum Atymptoto 
coincidet & tangens cruris Parabolici 1n infinitum 


recedet, evanefcet & nullibi repe erietur. [Invenitur 


Igitur Ay mptotos cruris cujutvis quaerendo tangen- 
tem cruris illius ad punctum infinite diftans. Plaga 
autem cruris infiniti invenitur quxrendo pofitionem 
recte cujufvis que tangenti parallela ett ubi pun- 


ctum 


ne e aii rne ee Re nee 
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&um contactus in infinitum abit. Nam hee reda 
in candem plagam cum crure infinito dirigitur. 

Linee omnes Ordinis primi, tertii, quinti, fep- VIL. | 

timi & imparis cujufq; duo habent ad minimum Y ak AS d 
crura in infinitum verfus plagas oppofitas progre- generis fecundi ad 
dientia. Etlineg omnes tertii Ordinis duo habent 22//mum tam 
ejufmodi crura in plagas oppofitas progredientia in bam (^ 
quas nulla alia earum crura infinita. (preterquam 
in Parabola Cartefana ) tendunt. Si crura illa 
fint Hyperbolici generis, fit G AS eorum Afymp- 
totos & huic parallela agatur recta quaevis C Bc 
ad Curvam utrinque (fi fieri poteft ) terminata 
eademq; bifecetur in puncto X, & locus punéti i]- % 
lius X erit Hyperbola Conica ( puta X 2) cujus 
una Afymptotos eft AS. Sit ejus altera. Afymp- 
totos A B, & equatio qua relatio inter Ordinatam 
BC & Abfciffam AB definitur, fi A B dicatur x & 
BC y,femper induet hanc formam xy y - ey -ax 
-Fbxx-Fex--d. bi termini e, a, b, c, d, defig- 
nant quantitates datas cum fignis fuis -- & — afle- 
Gas, quarum qualibet deeffe poflunt modo ex earum 
defectu figura in fectionem conicam non vertatur 
Poteft autem Hyberbola illa Conica cum afympto- 
tis fuis coincidere, id eft pun&tum X in retta AB 
locari: & tunc terminus-|- e y deeft. 

At fi re&a illa C Bc non poteftutrinq; ad Curvam 
terminari fed Curve in unico tantum puncto occur- 
rit: age quamvis pofitione datam re&tam A B afymp- 
toto AS occurrentem in A, ut & aliam quamvis BC 
afymptoto illi parallelam Curveque occurrentem in 
punto C, & equatio qua relatio inter Ordinatam 


BC 
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b C & Abfciffam A B definitur, femper induet hanc 
formam xy —-axi--bxx--cx--d. 

Quod fi crura illa oppofita Parabolici fint em neris, 
recta CB cad Curvam utrinque, fi fieri poteft, ter- 
minata in plagam crurum ducatur & bifecetur in B, 
& locus puncti B erit linea recta. Sit ifta. AB, ter- 
minata ad datum quodvis punctum A, & zquatio 
qua relatio inter Ordinatam BC & Abfciflam AB 
definitur , lemper induet hanc formam, y y —a xi 

bxxtcx-+d. 

At vero fi reéta illa CBc in unico tantum puncto 
occurrat Curve, ideoq; ad Curvam utrinq; terminari 
non poffit : fit pun& um illud C, & incidat recta illa 
ad punctum D in rectam quamvis aliam po fitione 
datam & ad datum quodvis punctum A terminatam 
AB: & equatio qua relatio inter Ordinatam BC & 
Abfcifiam AC dehnitur femper induet hanc formam, 

yeux bx Raced. 

Hnumerando curvas horum cafuum, Hyperbolam 


“vocabimus z[eriptam quz tota jacet in Atymptotén 


angulo ad inftar Hyperbole conicz, circum|criptam 
que Afymptotos fecat & partes abiciffas in finu fuo 
amplectitur, améigenam que uno crure infinito in- 
Icribitur & altero circumícribitur, convergentem 

jus crura concavitate fua Genie refpiciunt & 
in plag; am eandem dirigunturdzvergentem cujus crura 
convexitate fua (oimvicem recipiunt & 1n plagas con- 
trarias diriguntur, cruribus contra "5 pr editam cujus 
crura in partes contrarias convexa funt & in plagas 
contrarias inhinita, Conchordalem que vertice concave 
X cruribus divergentibus ad afymptoton applicatur, 


mputeam qua flexibus contrariis afymptoton fecat 
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X utring; in crura contraria producitur, cruciformem 
quz conjugatam decuflat, nodatam que feipfam de- 
uffat in orb m redeundo, cu/pidatam cujus partes 
Fei in angulo contactus ONCE & ibi terminan- 
tur, punc rdlatam qui conjugatam habet Ovalem infi- 
ite parv am 1d ef punctum, & puram que per im- 
wi bilitatem duarum radicum Ovali, Nodo, Cuf- 
ie & Punto conjugato privatur. (| Mts fenfu 
Parabolam quoq; convergentem, divergentem, crurt- 
bus contrarus pre "ditam, cracifor mem, “nodatam, cuf- 
dra punctatam & puram nominabimus. j 
In cafu primo fi terminus a x? afhrmativus eft Fi- De Eplerboln 
pura erit Hyperbola triplex cum fex cruribus Hy- redundante eb 
perhlio is que juxta tres Alymptotos quarum nulle " oo A- 
funt parallele in infinitum progrediuntur, bine juxta. "mens 
unamquamq; in plagas contrarias. Et he Afymp- 
toti fi terminus bxx non deeft fe mutuo fecabunt 


in tribus pun&dtis triangulum ( Dd^) inter fe con- 
hin terminus bxx deeft convergent omnes 
id idem punctum. In prior cafu cape AD — 


& Ad=A‘= ;3,, ac junge Dd, De, & erunt 


~- 


tinentes, 


2 


AD, Dd, Da tres Afymptoti. In pofteriori duc 
AL NEC quamvis BC, & in ea utrinq; producta 
cape hine inde BF & 'Bf fbi mutuo equales & 
in ea ratione ad A B quam habet /d ad a, jungeq; 
AF, Af, & erunt AB, AP, Af tres Afympoti. 
Hanc autem SR m vocamus redundantem 


quia numero crurum Hyperbolicorum Sectiones Co- 
nicas fuperat. -— 
In Hyperbola omni redundante fi neq; terminus E. Hy- 
ey defit neq; fit bb- 4acaquale + veya curva nul- perbale diametris 
C fitt crurum 


lam habebit diametrum, fin eorum alterutrum ac- 277^. 
VIVI, um. 


uu cidat 
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cidat curva habebit unicam diametrum, & tres fi 
utrumque. Diameter autem femper tranfit per in- 
terfe&ionem duarum Afymptoton & bifecat rectas 
omnes que ad Afymptotos illas utring; terminantur 
& parallele funt & Afymptoto tertiz. Eftq; abfciffa 
AB diameter Figure quoties terminus ey decft. 

Diametrum vero abfolute dictam hic & in fequen- 
tibus in vulgari fignificatu ufurpo, nempe Pra ab- 

fciffa que paffim habet ordinatas binas equales ad 
idem pun&um hinc inde infiftentes. 


XV. Si Hyperbola redundans nullam habet diametrum 
Flyper bole "0- - E ti : h rnc: E JA-T das jo | : 
Vem redundantes querantul qua 10115 ujus à X É ? s " ^ » d : ^ 
que diametro de- --2— O radices quatuor feu valores ipfius x. Ez 


flituuntur & tres ae bao 
dissi i funto AP, Aw, As, Ap. Erigantur ordinate 


tos triangulum PT, wry 7l, pt, & he tangent Curvamin punctis 


mien. totidem T, 7,7, t, & tangendo dabunt limites Cur- 
ve"per quos fpeci ies ejus innotefcet. 

Fig. 1,2. Nam fi radices omnes AP, ae A7, Ap funt 
reales, ejufdem figni & inequales, Curva conftat ex 


tribus Hyperbolis , ( infcripta circumífcripta & am- 
bigena ) cum Quai. Hyperbolarum una eet ver- 
fus D, altera verfus d, tertia verius d^ & Ovalis 
femper jacet intra triangulam Dd ^, atq; etiam in- 
ter medios limites ^ & «, in quibus utiq; tangitur 
ab ordinatis 71& v. Et hac eft fpecies prima. 

Fig. 3,4 Si e radicibus due maxime Am, A p, vel due mi- 
nime AP, Aw equantur inter fe, & ejufdem funt 
heni cum alteris duobus, Ovalis S Hyperbola cir- 
cumfcripta fibi inxicem junguntur coeuntibus earum 
pun&is contactus? & t vel T & 7, & crura Hyper- 
bole fefe decuffando in Ovalem continuantur, figu- 
ram nodatam efficientia. Que fpecies eft fecunda. 

NI 
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. radicibus tres maxime Ap, Av, Aa, vel tres 


wi 


minime A A7, Aw, AP equentur inter fe, Nodus in 

«[pideim acutiffimum convertetur. Nam crura duo 
Hinelbol z circumfcriptz ibi in angulo contactus 
concurrent X non ultra producentur. Et hzc eft 


fpecies tertia. 

 Sieradicibus duz media Aw & A7 equentur in- 
ter fe, puncta contactus 7 XT coincidunt, & propte- 
rea Ovalis inter jecta in punctum ev anuit, & conftat 
hgura ex tribus Hy perbolis, infcripta, circumfcripta 
& ambigena cum piel conjugato. Que eft fpecies 
dici 

Si due ex radicibus funt impoffibiles & relique 
duz inequales & ejufdem figni (nam figna contraria 
habere nequeunt, ) pure e habebuntur Hyperbole tres 
fine Ovali vel Nodo vel cufpide vel puntto conju- 
gato, & he Hyperbole vel ad latera trianguli ab 
Ay mptotis comprehenfi vel ad angulos ejus jacebunt 
& perinde fpeciem vel quintam vel fextam confti- 
tuent. 

$1 e radicibus due funt equales & altere due 
vel impoflibiles funt. vel reales cum fignis que a fig- 
nis equalium radicum diverfa funt, figura cructfor- 
iis habebitur, nempe due ex Hyperbolis feinvicem 
decüffadudi idq; vel ad verticem trianguli ab A. 
fy mptotis comprehenfi, vel ad ejus bafem. Que 
due fpecies funt feptima x -octava: 

Si deniq; radices omnes funt impoffibiles vel fi 
omnes funt reales & ingquales & earum due funt 
affirmative & altere due negative, tunc due habe- 
buntur Hyperbole ad angulos oppofitos duarum 

103 Afymp- 
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Afymptotón cum Hyperbola anguimea circa Afymp- 
toton tertiam. Que fpecies efti nona. 

Et hi funt omnes radicum cafus poflibiles. Nam 
fi duz radices funt eur d inter ley & alie due funt 
etiam inter fe equales, Figura evadet Sectio Conica 
um E feo. 

XVI. Si Hyperbola redundans habet unicam tantum 


Hyperbole duo- Diz imetrum fit ejus Diameter Abícifla AB, & equi- 


deci 17h rea lundan - 


tescumunicatan tionis hujus a X? + bx x -| CX- rd- O quare tres ri- 
tum Diametro. dices feu valores X4 


Fio 
d 


Fic. 
P 


Fig. 
Fig. 
Fig. 
Fig. 


(17. Si radices ille funt omnes reales & ejufdem Es i, 


Figura conftabit ex Ovalz intra triangulum Dd 

cente & tribus Hyperbolis ad angulos ejus, nempe 
circumfcripta ad angulum D & infcriptis duabus id 
angulos d &e. Et haec eft fpecies decima. 

18. $1 radices dus majores funt equales & tertia ejut- 
dem figni, crura Hyperbole jacentis verfus D fcfe 
decuffabunt in forma /Vod:; propter contactum Ovi- 
lis. Que fpecies eft undecima. 


; 85. Si tres radices funt aquales, Hyperbola ifta at 


cufpidata fine Ovali. Que fpecies eft duodecima. 


jg. 20. Si radices due minores funt equales & tertia e ejul- 


dem figni, Ovalis in puncium evanuit. Que fpecies 
eft decima tertia. In fpeciebus quatuor noviffimis 
Hyperbola que jacet verfus D Afymptotos in firu 
fuo ampleCtitur, relique due in finu Afymptotin 
jacent. 
20. Si dug ex radicibus funtimpoffibiles habebuntur tres 
Hyperbole pure fine Ovali decuflatione vel cufpide. 
Et hujus cafus fpecies funt quatuor, nempe c decima 
quarta fi Hyperbola circumicripta jacet verfus D & 
decima 


t2 Pm o 
MB oe 


uo 


e i pam iple RO metr mus 


[ 149 | 


E ita fi Flyperbola infcripta jacet verfus D, 
jacet fub 
trianguli li Dd4, & decima feptima fi Hyper 
inferipta jacet fi db eadem bafi. 

Si duz radices funt equales & tertia figni dive 
figura erit cructfor ns. Nempe duz ex tribus Hy- 
perbolis fe invi icem lecuflabunt idq; vel ad verticem 

fymptotis comprehenti vel ad ejus ba 


luz fpecies funt decima octava & decima 


rfi £r. 


Si duet adices funt inequales & ejufdem figni X 
tertia eft figni diverfi, due habebuntur Hy perbola 
in oppofitis angulis duarum. afymptotón cum Coz- 

boidal: intermedia. Conchoidalis autem vel jace- P£-?7 
eafdem partes afymptoti fuz cum triangulo 
ib afymptotis conftituto, vel ad partes contrarias ; 
hi duo cafus conftituunt fpeciem vigefimam & vi- 
lam primam. p 
Y bk: redundans que habet tres diametros N LM 
conftat ex tribus Hyperbolis in finubus afymptotón redundantes cum 
jacentibus, s, idg; vel ad angulos trianguli ab alympto- Eee 
tis comprehenfi vel ad ejus latera. Cafus prior dat pe 
{peciem vigefimam fecun idam, & pofterior {peciem v1- 
cefimam tertiam 

Si tres afymptoti in puncto communi fe; mutuo au 
decuffant, vertuntur fpecies quinta & fexta in vige- Pini Lii coord 
imam quartam , feptima & ottava in vigef Imam cum Afymptotis 
1: untan 1, & nona In vigelimam fextam ubi Anguinea E ils te 

on tranfit per concurfum afymptoton, & in vigefl- vergentibus. 
mam feptimam ubi tranfit per concurfum 1llum, quo Ed 
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rmini b ac d defunt, & concurfus afympto- Fig. 
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oppofitis equaliter diftans. 
Diametrum non habent. 

Vertuntur etiam fpe CLES de cima quarta ac deci: 
fexta 1n vigefimam octavam, decima quinta a 
cima feptima in um nonan dec ima od 
& decima nona in tricefin nam, & vigefima ba^ 
funa prima in tricefimam primam. Et t 
unicam habent diametrum. 

Ac deniq; [pecies vigefima fecunda & vig 
tertia vertuntur in peciel m tricefimam fecu: i 
jus tres funt. Diametri. per concurfum aiymptoton 
tranfeuntes. Qus omnes, converfiones facillime. in- 
telliguntur faciendo ut triangulum ab : imptotis 
comprehenfum diminuatur donec in punétum eva- 
neícat. 

oll1n primo zquationum cafu terminus ax? ne- 
gativus eft, Figura erit Hyberbola defectiva unicam 
habens be oton & duo tantum crura Hy yperbo- 
lica juxta a [ymptot on illam in plagas contrarias a 
finite progredientia. Et afymptotos illa eft Or 
ni ita prima & ia a AG. 9S1 terminus ey non 

leeft hgura nullam habebit Diametrum, fi deett ha- 
bebit unicam. In priori cafu fpecies fic enume- 
rantur. 

Si zequatic nis hujt Is. aX! — bx3+-cx x - d x- EF iee, 
radices omnes Az, A P, = Aw, funt reales & in- 
equales, Figura erit Hyperbola anguinea afympto- 
ton flexu contrario amplexa, cum Ovali conjugata 
Quz fpecies eft tricefima tertia. 

Si radices due medie AP & A p $quentur inter 

Ovalis & Anguinea junguntur fefe decuflantes 
in forma Nodz. Ore: e eft fpecies tricefima quarta. 
ol 
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Si tres radices funt equales, Nodus vertetur in P: 4 
cufpidem acutifhmum in vertice anguinez. Et haec 
eft fpecies tricesima quinta. 

Si e tribus radicibus ejufdem pent due maxime fe. 

Ap & Aw fibi mutuo equantur, Ovalis in puncium 
evanuit. Que fpecies ef oceans fexta. 

Si radices due quavis imaginariz funt, fola ma- 
nebit Anguinea pura fine Ov in decuffatione, cuf- 
pide vel puncto conjugato. Anguinea itla non Fig. 42: 
tranfit per punctum A iue ^n tricefinia feptima, 
fin tranfit per pun&um illud A (id quod contingit £z. 
ubi termini b acd defunt,) punctum illud A erit 
centrum figure rectas omnes per ipfum duttas & 
ad Curvam utring; terminatas bifecans. Et hec 
eft fpecies tricefima octava. 

In altero cafu ubi terminus ey deeft & propterea XX. 
hgura Diametrum habet, fi equationis hujus ax beam fabs td: 

-bxx-rcx--d radices deis AT, A t. Am, {unt ametra vm baben- 
reales, inequales & ejufdem figni, figura erit Hyper- 7^ 
bola Conchdidalis cum Qval: ad Corel Qus ^ xi is 

eft fpecies tricefima nona. 

Si due radices funt inequales & ejufdem figni & Fig 
tertia eft figni contrarii, Ovalss jacebit ad concavi- 
tatem Conchoidalis. Eítq; | |pecies quadragefima. 

Si radices due minores A T, At, fudit gquales Fig. 46 
& tertia A7 eft ejufdem figni, Ovals &. Conchoi- 
dalis jungentur fefe decuffando in modum Wodz. 

Que fpecies eft quadrage fima prima. 

Si tres radices funt iar Nodus mutabitur in £z. 47 

Cufpidem & figura ex it Caf] oun Veterum. Et hec eft 


Jd 
" 


Et 3 A l 
ipecies quaar age fima fecunda. 
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Fig. 49 Si radices due pana jores funt Men & tertia eft 


ee AS 
eju.dem hgni,Concho idalis habebit pu 
gatum ad convexitatem fuam, eftq; | 
exe a ld tertia. 

22 vis » t 2" . 1 
Fig. AQ ol adi ces due funt aequales S X tertia Cit 1191 con- 


ens TCeschoh dalis habebit puncium conjugatum 


127777 conju- 
pe ec Cles quadra- 


LR 


ad concavitatem fuam, eftq; pecies quadragefima 


Fig. 48,49 Si radices due funt impoffibiles habebitur Con- 

choidalis pura fine Ovali , Nodo, Cufpide vel 
puncto conjugato. Que fpecies eit 
quinta. 

EXL Siquando in primo equationum cafu terminus ax: 
o ben "I" deeft & terminus bxx non deeft, F igura erit Hy- 
Diametrum non perbola Parabolica duo habens crura Hy perbolica ad 
habentes. unam Afymptoton SAG & duo Parabolica in p jyla- 

gam unam & eandem convergentia. Si terminus 

ey non deeft fgura nullam habebit diame trum, fin 
deeft habebit unicam. In priori cafu pecies funt 
ha. 
Fig. $0: S1 tres radices AP, A: x, Ax equationis hujus 

bx3--cx -+dx-+} ce=o funt inzquales & ejuf (dem 
fioni, figura conftibit ex Oval: X aliis duabus Curvis 
gue partim Hyperbolice funt & partim Parabolice. 
Nempe crura Beale continuo ductu jungunti 
cruribus Hy; yerbolicis fibi proximis. Et hzc eft 
Ípecies quide ds fexta. 

Si radices due minores funt ax juales & tertia eft 
ejufdem figni, Ovalis & una Curvarum illarum 
Hy perbolo- isPar abolicarum | junguntur & fe decuflant 


in formam Nod. Que Ípecies ett qi ladragefima 
feptima. 


q uadli 1 4ptci | ina 
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5 tres radices funt zquales, Nodus ille in Cut. zz. 
pidem vertitur. Eftq; f pec cies quadr ragefima octava. 

S radices due majores funt equ: rales & tertia eft Fiz. 

jufdem figni, Ovalis in punclum conjugatum eva- 
xm Quz { pecies eft grec nona. 

Si duz radices funt. impofhbiles, manebunt pure Fa. 53 
lle duse curve Hyperbolo-parabolica fine Ovali, 
decuflatione, cufpide vel puncto conjugato, & fpe- 
iem quinquagelimam conftituent. 

Si radices due funt equales & tertia eft figni con- ^ 
trarii, Curve ille. hyperbolo- -pal xe 2e junguntur 
fefe decuflando in morem crucis. Eftq; fpecies quin- 
quagehma prima. 

Si radices dug funt inequales & ejufdem figni & ^4 

ertia eft figni contrarii, figura evadet Hyp erbola 
anguinea circa Wl toton A G, cum Parabola con- 
jugata. Kt hec eft fpecies quinquagefima fecunda. 

In altero cafu ubi terminus ey deeft & figura Lf 
Diametrum habet, fi due radices equationis hujus n» Sea 


i ? 
bxx--cx-rFd-o funt impoffibiles due habentur Diametrum ha 


heure hyperbolo-parabolice a Diametro AB hinc oid 
inde equaliter diftantes. Que fpecies eft. quinqua. 
celina tertia. 
. Si equationis illius radices due funt impoffibiles, £z 
Figur: 12 hyperbolo- parabolice junguntur fefe de- 
cuffantes in morem crucis, & fpeciem quinquagefi- 
nam quartam conftituunt. 
51 radices ille funt inequales & ejufdem figni, ha- 
betur Hyperbola Conchoidalis cum Parabola eX 
odem latere Afymptoti. Eftq; fpecies quinquage- 
fina gu uinta. 


X X 


Fig. 60. 


XXIII. 
Quat u0Y Hy- 
perbolifmi Hyper- 


ola. 
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Si radices ille funt figni contrarii, habetur Con- 
choidalis cum Parabola ad alteras partes Afymptoti. 
Que fpecies eft quinquagefima fexta. — — | 

[Siquando in primo zquationum cafu terminus 
uterq; ax! & bxx deeft, figura erit Hyperbolitmus 
fe&ionis alicujus Conice.  Hyperbolitmum figure 
voco cujus Ordinata prodit applicando contentum fub 
Ordinata figure illius & recta data ad Abtciflam com- 
munem. Hac ratione linea recta vertitur in hyper- 
bolam Conicam, & fectio omnis Conica vertitur in 
aliquam figurarum quas hic Hyperbolifmos fectio- 
num Conicarum voco. Nam zquatio ad figuras 
de quibus agimus, nempe xyy--ey=cx-+d, feu 

et/ee-r4dx-r4 cxx generatur appli- 


2X 
cando contentum fub Ordinata fe&tionis Conice 
efVYee+4dx-+4cxx & recta datam ad curvarum 
"pow. Mis P. 1 HABEO RAL 
Abfciflam communem x. Unde liquet quod figura 
genita Hyperbolifmus erit Hyperbolz, Ellipfeos vel 
Parabole perinde ut terminus cx affirmativus eft 
vel negativus vel nullus. 

Hyperbolifmus Hyperbole tres habet afymptotos 
quarum una eft Ordinata prima & principalis A d, 
alterz duz funt parallele Abfcifle A B & ab eadem 
hinc inde equaliter diftant. In Ordinata principali 
Adcape Ad, A7 hinc inde equales quantitati //c 
& per puncta d ac ? age dg, 2v Afymptotos Ab- 
fcifle A B parallelas. 

Ubi terminus ey non deeft figura nullam ha- 
bet diametrum. In hoc cafu fi squationis hujus 
cxx-rdx-rFiee- o radices due AP, A » funt reales 


& 
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& inzquales (nam equales effe nequeunt. nifi figura Fi. 6x. 
fit Conica feCtio) figura conftabit ex tribus ci 
bolis fibi oppofitis quarum una jacet inter afymp- 
totos parallelas & altere due jacent extra. Et hac 
eft fpecies quinquagefima feptima. 

Si radices ille due funt impoffibiles,habentur Hy- 
perbole duz oppofitz extra afymptotos parallelas & 
Anguinea hyperbolica intra eaidem. Hzc figura 
duarum eft fpecierum. Nam centrum non habet i s 
ubi terminus d non deeft ; fed fi terminus ille deeft 
punctum A eft ejus centrum. Prior fpecies eft quin- 
quageiana octava, pofterior quinquagefima nona. 

Quod fi terminus ey deeft, figura conftabit ex Fig. 64 
tribus hyperbolis oppofitis quarum una jacet inter 
afymptotos parallelas & altere duz jacent extra ut 
in fpecie quinquagefima quarta, & preterea diame- 
trum habet que eft abfcifla AB. Et hac eft fpecies 
fexagefima. 


H yperbE EH per hanc equationem de- — xxiv. 


E : TN pene Tres Hyperbolif- 
hnitur xy y-Fey -cx-Fd, & unicam habet afymp- /77 P^ 


toton que eft Ordinata principalis Ad. Si terminus Fig. 65. 
ey non deeft, figura eft Hyperbola anguinea fine dia- 

metro atq; etiam fine centro fi terminus d non deeft. 

Quz fpeeies eft fexagefima prima. 

At fi terminus d deeft, figura habet centrum fine £z. 66. 
diametro & centrum ejus eft punctum A. Species 
vero-eft fexagefima fecunda. 

Et fi terminusey deeft & termmus d nón deeft, Fa. 
fhgura eft Conchoidalis ad afymptoton AG, habetq: 
diametrum fine centro; & diameter ejus eft Abfcifla 
AB. Que fpecies eft fexagefima tertia. 

Xx a Hyper- 


- XV. 


sa LS 
Duo H De i" 


lifmi Pai ‘abola 


Fig. 68. 


Po A 
rig. O9. 


XXVI. 


Tridens. 


Fig. 76. 


XXVII. 


Parabole quin- 
! 
aque arverventes. 
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Hyperbolifmus Parab ole 
"definitur x yy--ey=d 
Abíciffam A B UE e NEHR tam 


p xa irit nf 
AG. Hyperbole vero in ha 


re | 
ji eC duas abet afymptotos 
pt 
C 


in afymptotón angulis oppofitis fed 1n angulis qu 

funt deinceps jacentes, 1dq; ad utrumq; latus ab 

{cifle A B, & vel fine diametro fi terminus ey ha. 
? 


| 
i 
f k fy 


betur, vel cum diametro fi terminus ilie deefi 
due fpecies funt fexagefima quarta & fexagefima 
quinta. 

In fecundo equationum cafu habebatur equatio 
xy—ax'-Fbxx-rcx--d.. Et figura in hoc Rd 
habet quatuor crura infinita quorum duo funt hy- 
perbolica ae afymptoton AG in contrarias partes 
tendentia & duo Parabolica convergentia X cum 
prioribus fpeciem ‘Tridentis fere efformantia. Eftq; 
hec Figura Parabola illa per quam Cartefius 2qua- 
tiones s fex dimenfionum conftruxit. Hec eft 191tu1 
fpecies fexagefima fexta. 

[n tertio cafu equatio erat y ycax' T bxx-rcx 
--d, & Parabolum defignat cujus crura div ergun 
abinvicem & in contrarias partes infinite progre. 
diuntur. Abfcifia A B eft ejus diameter & fpecies ejus 
funt quinq; fequentes. 

SI equationis a x3-| bx’ -+ex-+-d=o radices om- 
nes Av, A T, At funt reales & inequales, figura eft 


o 
Parabola divergen: campan iformis cum Ovalz ad 
verticem. Et fpecies eft fexagefima fe eptima. 


S1 ay die funt equales, Parabola prodit vel 
nodata contingendo Ov x vel punctata ob Ovalem 
infinite parvam. Que due fpecies funt. fexagefima 
octava & fexagefima nona. 
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radices funt equales Parab 


4 

. Y^ up 1 1 

C 47° ^ ( Cid ? 0 H 
ertice. Et hec eft Parabola 


Ibica dicitur. 


luz funt imp so fh! 


ET 


to calu.s Ha o erat y —ax 
^ 


haec zquatio- Parabolam illam Jf Ts nam D^ 


crura habet contraria & cubica dr- 
fic fpecies omnino funt feptuaginta 


: c o PESE ihc 
puncto iucido 1liiíiumirna- 


rojplcialtur, UMD 1CCLIO- ,,, 


" L " ia + . ~ . 
sonicarum lemper erunt fectiones Conice, ez 


rum fecundi d cHeris (ee: erunt 
C5 i 


eneris, ez curvarum terti generis 
erunt Curve tertii seneris, & fic de Innceps in infint- 
tum. bt quema idmodum Circulus umbram. 


SOMME ae 
ciendo generat fectiones omnes conicas 
livergentes umbris fuis generant 


lias omnes fecundi generis curvas, 


‘ve quedam fimpliciores a iliorum ps 

111r1 pouun quz alias omne 

curvas umbris fuis a puncto ducido: in plat 

jectis formabunt 

Diximus Curvas fecundi generis a linea recta 

punctis. tribus fecari pofle. Horum duo nonnun- 

quam coincidunt. Ut cum recta per Ovalem inf. 

nite parvam tranfit vel per concurfum duarum par 

tium Curve fe mutuo fecantium vel in cufpidem 

coeuntium ductur, Et fiquando recte omnes in 
plagam 


cL 


7 


K 


- 

X X 

Curve 

aupacaa 
| 
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plagam cruris alicujus infiniti tendentes mayen 
in unico tantum puncto fecant (ut fit in ordinat 

Parabole Cartefiane & Parabole cubicz, nec non in 
reCtis Abtcifle Hyperbolifmorum Hy berbole & Para- 
bole parallelis ) concipiendum eft quod reétz ille 
per alia duo Curve puncta ad infinitam. diftan- 
tiam fita (ut ita dicam ) tranfeunt. Hujufmodi 
interfeCtiones duas coincidentes five ad finitam 
fint diftantiam five ad infinitam, vocabimus pun- 
&um duplex. Curve autem que habent pun- 
um duplex defcribi poflunt per fequentia Theo- 


remata. 
4 ORR. 
Cui eve 1. S1 anguli duo magnitudine dati PAD, PBD circa 


feriptiore erea-. polos pofitione datos ‘A, B rotentur, & eorum crura 

1 e A P, BP concurfu fuo P percurrant lineam re&tam ; 

ual crura duo reliqua AD, BD concurfu fuo D defcri- 
bent fectionem Ganieas per polos A, B tranfeun- 
tem : preterquam ubi linea illa recta tranfit per po- 
lorum alterutrum À vel B, vel anguli BAD, ABD 
fimul evanefcunt, quibus in cafibus punétum D de- 
{eribet lineam rectam. 


2. Si crura prima AP, B P concurfu fuo P 
percurrant fe€tionem Conicam per polum alter- 
utrum A tranfeuntem, crura duo reliqua A D, BD 
concurfu fuo D disibéi bare Curvam fecundi gene- 
ris per polum alterum B tranfeuntem & pun- 
ctum duplex habentem in polo primo A per quem 
lectio Conica tranfit : preterquam ubi anguli 
BAD, ABD: fimul evanefcunt, quo cafu pun- 

ctum 
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Gum D defcribet aliam fe&ionem Conicam per po- 
lum A tranfeuntem. 

3. At fi feétio Conica quam punctum P percur- 
rit tranfeat per neutrum polorum A, B, punctura 
D defcribet curvain fecundi vel tertii generis pun- 
&um duplex habentem. Et pun&tum illud duplex 
in concurfu crurum deícribentium, AD, B D in- 
venietur ubi anguli BAP, ABP fcd evanefcunt. 
Curva autem defcripta jecundi erit generis fi an- 
guli BAD, ABD fimul evanefcunt, alias erit ter- 
tii generis E alia duo habebit pun&a duplicia in 
polis A & B. 


Jam fe&io Conica determinatur ex datis ejus. — XXXII. 
Setlionum Ci- 
pun&is quinq; & per eadem fic defcribi poteft. 7,7 deferip- 


Dentur ejus puncta quinq; A, B, C, D, E. — Jun- tio per dara quin- 
gantur eorum tria quevis A, p. C & trianguli A BC vo poses 


rotentur anguli duo quivis Cc AB, CBA circa ver- 
tices fuos A & B, & ubi crurum AC, BC interfectio 
C fucceflive applicatur ad puncta duo reliqua D, E, 
incidat wes feétio crurum reliquorum AB & BA 
in puncta P &Q. Agatur & infinite producatur 
recta PQ, & anguli mobiles ita rotentur ut inter- 
feétio crurum AB, BA percurrat rectam PQ, & 
crurum reliquorum interfectio C defcribet propofi- 
tam fe&ionem Conicam per Theorema primum. 
XXXIII. 
Curve omnes fecundi generis punctum duplex ein gerer pn 
habentes determinantur ex datis earum xps “tis wm duplex ha 
feptem, quorum unum eft punctum illud duplex nom "d cm 
& tem punta. — 
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| [] J 1 ) ( 4 CTI YLY SM 11 f" TY AE 3 
per eadem puncta fic deícribi pouunt. Ventu 
i | | 


K ^. lil i- A D 4 
N 1808 V cc delenit ET puncta qu Moi LICL feptem A. 5. i 
) ] WwW x ire 
D 5Ttu quorum A eft punctum duple x. Jun 

| | . MES a . 3 
gantur punctum A & alia duo quavis c punctis 


B& C; & trianguli ABC rotetur tum angulus 
CAB circa verticem fuum A, tum anguiorum 


) 


1 e. 
quorum alteruter A BC circa verticem fuum B. Kt 


ubt crurum AC. BC concurífus C fücceff appli 
catur ad puncta quatuor reliqua D, E; FP, G. incidat 
concurfus ipa um reliquorum AB & B A in puncti 
guatuor P; O ^q 8. . Per punc ita. illa quatuor. & 


quintum A in at ectio Conica, & anguli pre 
fai CAB, CBA ita rotentui ut crurum AB, BA 
concuríus percurrat fe&ionem illam Conicam , & 
concurfus reliquorum crurum. AC, B C defcribet 
Curvam propofitam per Lheorema fecundum. 

91 vice puncti C. datur pofitione recta BC que 
Curvam detcribendam tangit in B, linee AD, A P 

coincident, & vice anguli DAP habebitur linea recta 
circa polum A rotanda. 

91 punctum duplex A infinite diftat debebit Recta 
ad plagam punch illius perpetuo dirigi & motu pa- 
rallelo ferri interea dum a ngulus ABE circa polum 
B rotatur 

Defcribi etiam po flunt he curve paulo aliter pei 
] heorema tertium, fed de aici ionem fimpliciorem 
pofuifle fufficit. 

Eadem methodo Curvas tertii, quarti & fuperio- 


pu generum defcribere licet, non omnes quidem 
fec | quotquot ratione aliqua commoda per motum 
localem defcribi poffunt. Nam curvam aliquam 

fecundi 


[-253] 


fecundi vel fuperioris generis punctum duplex non 
habentem commode defcribere Problema eft intei 
difficiliora nu merandum. | 

Curvarum ufus in Geometria eft ut per earum 
‘nterfectiones Problemata folvantur. Proponatur 
equatio con Aruenda dimenfionum novem x9" 5D x! 
--cxS--d x*-rex*-t f x3-+-gxx+hx{k=o. Ub 

J- m 

b, €; Ap ec. fignificant quantitates quafvis datas 
fignis fuis--+ & — affectas. Aflumatur equatio ad 
Parabolam cubicam X!- y; & equatio prior, fcri- 
bendo y pro X, evadet yj--bxy y 1 Cy yv rdxxy 
-rexy-rmy A-fbx-4gXX4 hx4-k- o, gquatio ad 
Curvam aliam fecundi generis. Ubi m vel f deefle 
poteft vel pro lubitu aflumi. Et per harum Curva- 
rum defcriptiones & interfe&iones dabuntur radices 
gquationis conftruende. Parabolam cubicam femel 
defcribere fufficit. 

Si equatio conftruenda per defectum duorum tet- 
minorum ultimorum hx & k reducatur ad feptem 
dimenfiones, Curva altera delendo m, habebit. pun- 
&um duplex in principio abíciffe, & inde facile de- 
{cribs potett ut fupra. 

Si aequatio conftruenda per defectum termino- 
rum trium ultimorum gxx-h x-Fk reducatur ad 
lelendo f£ evadet 


(ex dimenfiones, Curva altera c 
fe&tio Conica. 

Et fi per defectum fex ultimorum terminorum 
equatio conftruenda reducatur ad tres dimenfiones, 
incidetur in conftructionem Wallifianam per Para- 
bolam cubicam & lineam rectam. 


Y y Con- 


XXXIV. 

Con flr utto f 
quationum p? ie 
[criptionem Cw 
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Conftrui etiam poflunt equationes per Hyperbo- 
lifmum Parabole cum diametro. | Utfi conítruenda 
fit hec equatio dimenfionum novem termino penul- 


timo carens. a--cxx4-dx'--ex'4-fx +9 x54- h x? 
i i | o i 


“+m 
Fk x?4-13?— 0 ; affumatur equatio ad Hyperbolif. 
mum illum xx y — 1, & fcribendo y pro ©, squatio 
conftruenda vertetur m hanc ay?*--cy y Ed x yy4- ey 
fx yv mxxy-r pd x-HESXddx! o, quz cur- 
vam fecundi generis defignat cujus defcriptione 
Problema folvetur. Et quantitatum m ac g alter- 
utra hic deefle poteft, vel pro lubitu affumi. © 

Per Parabolam cubicam & Curvas tertii generis 
conftruuntur etiam equationes omnes dimenfionum 
non plufquam duodecim, & per eandem Parabolam 
& curvas quarti generis conftruuntur omnes dimen- 
fionum non plufquam quindecim, Et fic deinceps in 
infinitum. Et curve ille tertii quarti & fuperiorum 
generum defcribi femper poffunt inveniendo eorum 
puncta per Geometriam planam. Ut fi conftruenda 
fit equatio x" * --ax^-- bx?--cx*-p- d x/-Fex$-E-fx: 
+ex'+hx+ixx-+-kx+l=o0, & defcripta 
habeatur Parabola Cubica ; fit equatio ad Pa- 
rabolam illam cubicam x — y, & fcribendo y 
pro x' aequatio conftruenda vertetur in hanc 
yr -Faxy! --cxxyy -|-fxxy+1xx=0, que eft 

+b -dx +gx --+kx 
--e --h -Hl 

equatio ad Curvam tertii generis cujus defcriptione 
Problema folvetur. Defcribi autem poteft hec Curva 
inveniendo ejus puncta per Geometriam planam,prop- 
terea quod indeterminata quantitas x non nifi ad 
duas dimenfiones afcendit. 


Curvarum. WAP 
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INI RODUCITIO. 


Llantitates Mathematicas non ut ex partibus 
quam minimis conftantes, fed ut motu conti- 
nuo defcriptas hic Seo. Linee defcri- 

buntur ac defcribendo generantur non per appofi- 
tionem partium fed per motum continuum puncto- 
rum, fuperficies per motum linearum, folida per 
motu fuperficierum, anguli per idcm late- 
rum, tempora per fluxum continuum, & fic in. ez- 
teris. He Genefes in rerum natura locum vere ha- 
bent & in motu corporum quotidie cernuntur. Et 
ad hunc modum Veteres ducendo rectas mobiles in 
longitudinem rectarum immobilium genefin docue- 
runt rectangulorum. 

Confiderando igitur quod quantitates equalibus 
temporibus crefcentes & crefcendo genitz, pro velo- 
citate majori vel minori qua creícunt ac generantur, | 
evadunt majores vel minores ; methodum quaerebam. 

deter- 


Lum 
Fio. I 
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{ 
2 ce li quantitates ex velocitalibus motuun 
vel incrementorum quibus generantur ; & has mo 
tuum vel incrementorum velocitates nominando F/y- 
xiones & quantitates genitas nominando Fluextes, in 
cidi paulatim z4uui5 1665 & 1656 in Methodum Flu 
xionum qua hic ils fum in Quadratur a Curvarum 
Fluxiones funt quam proxime ut Fluentium qug 
menta equalibus temporis particulis quam EUR: 
genita, & ut accurate loquar, funt in prima ratio: 
augme ordi: nafcentium ; ; exponi autem poflunt pe: 


i 


lineas quafcunq; que funt ipfis proportionales Ss Ut 
fiaree ABC, ABDG Ordinatis BC, BD tupe: 
bafi A B uniformi cum motu progredientibus deteri- 
bantur, harum arearum fluxiones erunt inter fe ut 
(ndinate defcribentes BC & BD, & per Ordinatas 
illas exponi poffunt, propterea quod Ordinate ille 
funt ut arearum augmenta nafcentia. Progre- 
diatur Ordinata BC de loco fuo BC in locum 
quemvis novum bc. Compleatur parallelogram- 
mum BCEb, ac ducatur reta VT H que Cur- 
vam tangat in C 1pfifq; bc & BA productis Sr s : 
ratin T & V: & Abicifle AB, Ordinate BC, 
1 ineg Curve ACc augmenta mitt genita Ee 
BS; To UD IR In horum augmentorum nafcen- 
tium ratione prima funt latera trianguli CET ,ideoq; 
fluxiones ipfarum AB, BC& AC funt ut trianguli 
illus CE T. latera Ch. HET CTI C Dr eidem 
latera exponi poffunt, vel quod perinde eft per la- 
tera trianguli confimilis V BC. 

Eodem recidit fi fumantur fluxiones in ultima 
ie partium evanefcentium. Agatur recta Cc 
& producatur eadem ad K. Redeat Ordinata bc 


in 
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in locum fuum priorem. : C, & coeuntibus punétis 
C & c, re&a CK coincidet ciam tangente CH & 
triangulum evanefcens CEc » ultima dug for ma 
evadet fimile triangulo CET, &eju 
centia CE, Ec & Cc erunt einen inter fe ut tiui 
trianguli alterius CET latera CE, ET &CT, & 
psc in hac ratione funt f T EMMAON linearum AB, 
BCs AC. Ss punica n x c parvo quov is inter- 
vallo ab invicem diftant recta CK parvo intervallo a 
tangente CH diftabit. Ut recta CK cum tangente 
CH coincidat & rationes ultime linearum C E LE C 
Cc inveniantur, debent punta C & c coire & om- 
nino coincidere. Errores quam minimi in rebus 
mathematicis non funt contemnendi. 

Simili argumento fi circulus centro B radio BC 
defcriptus in longitudinem Abfcifle A B ad angulos . 
rectos puce cum motu ducatur, fluxio folidi ge- 
uiti ABG erit ut circulus illegenerans, & fluxio fu- 
perficiel ejus erit ut perimeter Circuli illius & 
tluxio line curve A C conjunctim. Nam quo tem- 
pore folidum ABC generatur ducendo circulum 
illum in longitudinem Abíciffe A B, eodem fuper- 
ficies ejus g A cuan ducendo perimetrum circuli il 
lius 1n lon gitudinem Curve AC. 

Recla P B circa polum datum P revolvens fecet altam 
pofitioue datam reclam AB : queritur pr poe fluxto- 
num recarum tharum AB 9 PB. rogrediatur 
recta P B de loco fuo PB in locum novum Pb. In 
Pb capiatur PG ip P B equalis, & ad A B ducatur 
PD fic, utangulus bPD «qualis fit angulo bBC ; 
& ob firi tudinem triangulorum bBC, bPD erit 
augmentum Bb ad augmentum Cb ut Pbad Db. 

Redeat 


O 
[ 168 | 
" e p : M A Á j 
Redeat jam P b in locum fuum priorem P B ut aug- 
menta ds evaneícant, & evanefcentium ratio FR 
] n1 


3 " ^ 1° ] b } 
ma, id eft ratio 1 Wtima Pb ad Db, ea erit que eft 


U 

P B ad D B, exiftente angulo PDB recto, & prop- 
terea 1n TB ratione eft fluxio ipfius A D ad fluxionem 
ipfius P B. | | | 

Reda PB circa datum ‘Polum P revolvens f[ecet 
alias duas pofitione datas rela ABS 4 E, in B. © 
p quer ur oq oportio fluxtonum 3 earum illarum 
AB is AE. Progredi atur recta revol lvens PB d ae 
loco fuo PB in es novum P brectas A B, A E in 
punctis b &e fecantem, X recie AE parallela BG 
ducatur ipfi P b occurrens in C, & erit Bb ad BC ut 
Abad Ae, & BC ad Eeut P p ad P E, & conjunctis 

rationibus. Bb ad Ee ut AbyPb dd AcxP E. 

Redeat jam linea Pbin locum tuum priorem P B, & 
augmentum evanefcens Bb erit ad aU smentum eva- 
neícens Ee ut ABxPB ad Ako KE. ideoa: in 
hac ratione elt fluxio rectze AB ad irae rete 
A E. 

Hinc fi recta revolvens P B | EE quafvis Curvas 
nofitione datas fecet in punc &i B & E. & retta 


Altlawels a 4 Om E. KA LeU jam 
mobiles A B, A E Curvas illas tangant in Sectionum 
punctis B & E: erit fluxio pride quam recta. AB, 
tangit ad tluxionem Curve quam recta AE tangit 
ut ABxPB ad AEXPE. Id quod etiam even iet 
fi recta P B Curvam aliquam pofitione datam perpe 
tuo tangat in puncto mobili P. 

Fluat quantitas x uniformiter © invemerda fit fluxio 
quantitatis x", Quo tempore quantitas X fluendo 


evadit x--o, quantitas x? evadet x-| ol", id eft 
? ) 


per methodum ferierum infinitarum, x"-|-nox"" 


{ 
—|I-T 
i 
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|-"oox'?-9c. Et augmenta o & nox'-'--?t^9ox*? 
-|- £c. funt ad invicem ut 1 & nx" --20x"?-L- ios. 
Evanefcant jam augmenta illa, & eorum ratio 
ultima erit I ad "Bx : ideoq; fluxio quantitatis 
x eft ad fluxionem quantitatis x? ut 1 ad nx™". 

Similibus argumentis per methodum rationum 
primarum & ultimarum colligi poflunt fluxiones li- 
nearum feu rectarum feu curvarum in cafibus qui- 
buícunque, ut « fluxiones fuperficierum, angulo- 
rum &aliarum quantitatum. In finitis autem quan- 
titatibus Analyfin fic inftituere, & finitarum nafcen- 
tium vel evanefcentium rationes primas vel ultimas 
inveftigare, confonum eft Geometrig Veterum : & 
volui oftendere quod in Methodo Fluxionum non 
opus fit figuras infinite parvas in Geometriam intro- 
ducere. Peragi tamen poteft Analyfis in figuris qui- 
bufcunq; feu finitis feu infinite parvis que figuris 
evanefcentibus finguntur fimiles, ut & in figuris que 
pro infinite parvis haberi folent, modo caute pro- 
cedas. 

Ex Fluxionibus invenire Fluentes Problema dif- 
ficilius eft, & folutionis primus gradus equipollet 
Quadrature Curvarum ; de qua fequentia olim 
{cripfi. 


T 


Zz D 


TA X 
i 2 | ED 


Quadratura Curvarum, 


Uantitates indeterminatas. ut motu perpetuo 

crefcentes vel decrefcentes, id eft ut p 
tes vel defluentes in fequentibus confidero, defigno: 
Uteris z, y, x, v, & earum fluxiones feu celeritate: 


creícendi noto 1fdem literis punétatis z, V. ey, 
Sunt & harum fluxionum fluxiones feu mutationes 
magis aut minus celeres quas ipfarum Z6 V ox v 


fluxions es  fecundas nominare licet & nc dignare 


2. y, X ,V, « harum fluxiones primas feu ipfarum 


- 


Z, y, X, v fluxiones tertias fic 2, Z X, V X c qu tas fic 
E wx vy d quemadmc odum " y, x x,v funt flu- 
xiones quantitatum 2; y, X, & he funt fluxiones 


quantitatum Z, y,X,v & heunt fluxiones quantita- 
tum mo arum Z, yyX; v: fic he e confide- 
rari poffunt ut fluxiones aliarum quas fic defigna bo, 


Za 


pF 


x,v, & he ut fluxiones aliarum z, y,x, v, & 


he ut fluxiones aliarum z, 3. X5 V. Defignant Igitur 


Z 2, 2424 2424 Z, Z Oc. feriem quantitatum quarum 
quelibet pofterior eft fluxio precedentis & qualibet 
prior eft fluens quantitas fluxionem habens fubfe- 


——HS& — — = 
lx Prema a 


(Cs 


cue pi Nh X P | 
quentem. Sumilis eft feries //az—zz, /'az—zz, 


/—S —— — Camm: g TERETE —— aa Two 


, Pp (yr P 7 ry cy be P 
V az—zZL., l/az—Zz,1//az—22,//az-—zz2, ut & 


ness nua — 2 
aZ-4-Z2! az-4-Z 


SSMS | «gta oN — 


3 «» $ 


aA—Z 4—2 a—Z 
.——. Et notandum eft quod quantitas qualibet 

Z 
prior in his feriebus eft ut area figure curvilinie 
cujus ordinatim applicata reCtangula eft quantitas 


CER 


pofterior & abfciffa eft z : uti /az—zz area curve 
cujus ordinata eft //az—zz & abfciflaz. Quo au- 
tem fpectant hec omnia patebit in Propofitionibus 
qua tequuntur. 


Lm | 
PROP.T FPEGS. I. 


Data equatione quotcunq; fluentes quantitates znvol- 
vente, «nvenire fluxaones. 


Solutio. 


Multiplicetur omnis equationis terminus per in- 
dicem dignitatis quantitatis cujufq; fluentis quam 
involvit, & in fingulis multiplicationibus mutetur 
dignitatis latus in fluxionem fuam, & aggrega- 
tum factorum omnium fub proprus fignis erit 
equatio nova. 


Explicatio. 


Sunto a, b, c, d ic. quantitates determinate & 
immutabiles, & proponatur equatio quevis quan- 
titates fluentes z, y, x Wc. involvens, uti x? —xyy 
+-aaz—bi=o. Multiplicentur termini primo per 
indices dignitatum x, & in fingulis multiplicationi- 
bus pro dignitatis latere, feu x unius dimenfionis, 


{cribatur x,& fumma fa&torum erit 3 x x—x y y.Idem 


fatin y & prodibit— x y y. Idem fiat in z, & pro- 


dibit aaz. Ponatur fumma factorum gqualis ti. 


hilo, & habebitur equatio 3xx*—xyy—‘*xyy 


--aaz=o. Dico quod hac equatione definitur re- 
latio fluxionum. 
De- 


By ot 


Demonftratzo. 


Nam fit o quantitas admodum parva & funto 


OZ, Oy, OX, quantitatum z, y, x momenta id eft in- 
crementa momentanea fynchrona. Et fi quantita- 
tes fluentes jam funt z, y & x , ne pott momentum 


temporis incrementis fuis 02, oy, ox aucte, evadent 
Z-|-02Z, y-l-oy, x- l-ox, que in equatione prima pro 
Z4 y «X fcripte dant equationem. x3 J3xxox 
j- 2XOOXX + 03x roc NL go xOyy — 2xooyy 

-XO oyy—xo yy-l-aaz- - aaoz—b3 = =o. Subducatur 
cr prior, & refiduum divifum per o erit jxxs 


-3XXOX - -- -x700 — Xyy — 2xy y —axoyy —xoyy pad V 
-|-aaz — o. Minuatur quantitas o in infinitum,& neg- 


lectis terminis evanefcentibus reftabit 3xx? —xyy 


— Xyy -aaz—o. Q. E.D. 
Explicatio. plenior. 
A. 

Ad eundem modum fi equatio eflet. x:—xy: 
BT T ve E d NOV : 
|-aa //ax P kk AE O, produceretur 3X X—Xyy 
—xyy- l-aa//ax—yy =o. Ubi fi fuxionem/“ax—yy 


tollere velis, pone “ax—yy =z, & erit ax—yy = 2? 
X 


174. | 


x ( per hanc Propofitionem ) ax—*yy = zz feu 


o 


aX —2yy * ax—2yy Se RR 
‘OSS: eee Z 4 hoc ejt Ae e M aX—yy ' Kt 
27 2 yg ax- p y 
"T xw raayy | 
ide 3x?x—xy y—9xyy-- —— —————-: 


Et per operationem repetitam pergitur a d fluxio 
nes fecundas, tertias & fequentes. Sit wquatio 
Zyi/—2Z4--a*—0, & het per operationem primam 


Zy3-532y y?—422 =O, per fecundam zy3- l-6zy y? 


T yy" 6zy?y tope 2222?—0 , per tertiam 


ak 


* 92yy" -- 92yys -i» 152ysy -p 32yy^-- 182} 


|a —ZL3——2 bert en 737—90. 
j 


ey 


Ubi vero fic pergitur ad fluxiones fecundas, ter- 
tias & fequentes, convenit quantitatem aliquam ut 
uniformiter fluentem confiderare,& pro ejus fluxione 
prima unitatem fcribere, pro fecunda vero & {fe- 
quentibus nihil. Sit zquatio zy? —z -| I: 24— 0, ut 
tupra; & fluat z uniformiter, fitq; ejus fluxio unitas, 


X net per operationem primam y?-|- 3zyy!— 473=0 
per fecundam 6yy? -- 3 Zzyy? -- 6Zy?y — 122? — o, 

T fortia nm mxrqp4 vi Y X bae | mies.’ | Dn | "m 
per tertiam gyy'-|-18ysy-|-3zyy*-|-18zyyy--ézys 


—2 42 — OQ. 


In 
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in hujus autem generis equationibus concipien- 
dum eft quod fluxiones in fingulis terminis fint ejut- 


dem ordinis, 1d eft vel omnes primi ordinis y, Z, 
vel omnes fecundi Ys y? ^ yz, Z^, vel omnes tertii 


Y, yy, ! YZ, y? ; Y^z, Y yz? 23 &c. Et ubi res aliter fe. 
habet complendus eft ordo per {ubintelleétas fluxio- 
nes quantitatis uniformiter fluentis. Sic equatio 


uoviffima complendo ordinem tertium fit gzyy? 


| T» a | [2 ig | MEA 7 | TR ^ A ry 7 
-|: EOZy?y -|-3Zy y?-- 15zyyy -p6zy$—242ZZ3 — o. 


BROT. tf PROS. lI 


Invei Nive Cur 'U (5 qa «€ qu adrart poffent. 


Sit ABC figura invenienda, BC Ordinatim ap- Fig. 4. 


plicata rectangula , & AB abfafla. Producatui 
CB ad E ut fit BE- 1, & & compleatur parallelo- 
granmnnum ABED: & arearum A BC, ABED 
fluxiones erunt ut BC & BE. Affümatur igitur 
?quatio quevis qua relatio arearum definiatur, & 
ne dabitur relatio ordinatarum BC & BE pei 


Prop. ls (QE 


Hujus re. exempla habentur in Propofitionibus 
duabus fequentibus. 


PROP. 
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PROP ML Tar wor, 1. 


Si pro abfcifla AB & area AE feu ABx1 pro- 
mifcue fcribatur z, & fi pro e -/-fz" +g2” --hz»--&c. 
fcribatur R: fit autem area Curve z^ erit. 
ordinatim applicata BC= 


ik 8 £ 2 +o ae ae E 
be wate eh ge , hz 4. &c,inze R», 


Demonftratzo. 


Nam fi fit zoR^—v, erit per Prop. 1, 677 RÀ 


A-ZRR^M = v. Pro Ra in primo gquationis ter- 
mino & z'in fecundo fcribe RR^' & zz*', & fiet 


ezR -|- AzR i in 22! R^ ES Erat autem Re -- fa 


--gz^"--hz* &c. & inde per Prop. 1. fit R = 


E 


» fizz + s 972020" +- whzz3"!-\~ &c. quibus fubftitu- 
tis & fcripta BE feu 1 pro z, fiet 


e19. fart? oot) hz &c. in zh Re zv BC. 


A^ 


D ED 


PROP. 


PROP. IV, IHEOI IL 


Si Curve abfciffa A B fit z, & fi pro e-|- £z» --gz^ 
J- &c. fcribatur R, & pro k-|-lz:--mz^4- &c. fcri- 
batur $ ; fit cur area Curve z? R^S* : erit or- 
dinatim applicata BC - 


s1---4 £cl. on +6 g24 «9X4 
dek fk z iE gkz dh 


Ü --9 7224 +0 734 Koo Hi 5 
Hat el z 1 -An f : s glz ? in 1221 R* IS 
-| pn “Te | 
+9 emz"4e fmz"-* gm) 
-|-2.n “An 
"| 20 T pe 


Demonftratur ad modum Propofitionis fuperioris. 


PROP.V.-—PHEGCR. IL 


Si Curve abfciffa AB fit z, & pro e-+-f2"4 gz?" 
- hz?* J- &c. fcribatur R : fit autem ordinatim ap- 
plicata 72 R^ ina + bz +-cz™ --dz*4- &c. & po- 


natur .À —r. r^— s. i ba t--a=v.&e. erit area 
8 


TG 3 1il—str-—t. 
Ra in id. A ICE IU ge = fCogB-vhA 


——— 28 -|-- 


*o(q 
\ 


en r-2—-2,e I —-2,e 


2 -- &c. Ubi A, B, C, D, &c. 


e ED cB 


r—-4,€ 


Aaa denotant 
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denotant totas coefficientes datas terminorum fingu- 


LS 


lorum in ferie cum fignis fuis-|-&—,nempe A prim! 


termini coefficientem .»* B fecundi coefficientem 
re 


:D- —SÍ A Ya [ne fB —t A 
auos Qo tertii coemician tenes B , & 
Pus e r-r 2, e 
fic Hoe 
Demonftratzo. 
Sunto juxta Propofitionem tertiam, 
Curvarum Ordinate & earundem arex 
(eA D fAz a? gAz" it BAzP&c. | Az Ra 
c eBz-HURBzervsBzs Sc | Bz,i R: 
(To eBz" ind "(Bz reap Dao &c. ——— Bz;t* R^. 
Wra e Cz" PfCzi Ke, Cz R^. 
THEReDz'&c.) Dz 3: Ra 


Et fi fumma ordinatarum ponatur equalis ordi- 
nate a-Hbz»-|-cz^-- ELT &c. in z^ R^", fumma 
arearum ARS in A-J-Bzo-Cz»--Dz»-- &c. equa- 
lis erit aree Curve cujus ifta eft ordinata. /Kquen- 
tur igitur Ordinatarum termini correfpondentes se 


het a=scA, ba? fA eB, c= LE oA £B 


-Fan 


a INE b-uof. 
gee ME URP de B... B. 


C — ip-2an A—FrrES TP Pr f B 31 : "m 
———2À m i —C. Et fic deinceps in infi- 


nitum. 


nitum. Pone jm?-r. r-+a=s. sfa=t &c. X 
in area. z’R* x A-|- Bz"-- Cz^-- Dz^ &c. fcribe ip- 
forum A, B, C, &c. eod inventos & prodibit 
feries propol ita. ^"Q. E. 

Et notandum eft hair Ordinata omnis duobus 
modis iu feriem refolvitur. Nam index " vel affir- 
mativus eft poteft vel negativus. Proponatur Ordi- 
nata — . Hac vel fic fcribi. poteft 


zz4/k z—1z23-L-mz4 


z-ix3k—lzzxk—lzz-|mz3l*, vel fic zx —1--3kz? 


pnA—— s e RN ^ : ^ * a 
xm-—1z-*--KZ ^ -—i. In cafu priore elt a= 2k: b=o, 


c= —], €=k. fo. g—-—l lLhl-m:—- 


“2° id — I e 


ble —— — D. S ——] : ——. V=0. In 
pofteriore eft a ——1l. b=o. c—3k. e—m. f—-1. 


T 


8 —-0. hi. ALl—— t, a——]l. (—III,.0—2,. p-———2 


2 


lentandus eft cafus uter- - 
que. Etfi ferierum alterutra ob terminos tandem 
deficientes abrumpitur ac terminatur, habebitur area 
Curve in terminis finitis. Sic in exempli hujus 
priore c cafu fcribendo in ferie valores 1pforum a, b, 
c; ede 1B h, ^, 6, r, $, t, V, termini omnes poft pri- 
mum evanefcunt in infinitum & area Curve prodit 


Y 
t 


S———I-. 


2)" = Sian) Et hec area ob fis "num negativum 
adjacet abfciffe ultra ordinatam product te. Nam 
area omnis affirmativa adjacet tam abfcifle quam 
ordinate, negativa vero cadit ad contrarias par- 
tes ordinate & adjacet abfcifie produc e. manente 
fcilicet. figno Ordinate. Hoc modo feries alter- 
utra & nonnunquam utraque femper terminatur 
& finita evadit fi Curva geometrice quadrari po- 
teft. At fi Curva talem quadraturam non admit 
üt, feries utraq; continuabitur in infinitum, X ea- 

Aaa 2 rum 
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rum altera converget & aream dabit approximando, 
preterquam ubi r ( propter aream infinitam ) vel 
nihil eft vel numerus integer & negativus, vel ubi > 
equalis eft unitati. S1 ^ minor eft unitate, conver- 
get feries in qua index , affirmativus eft: fin 2 unita 
te major eft, converget feries altera. In uno cafu 
area adjacet abfcifle ad ufq; ordinatam dudte, in 
altero adjacet abfciflze ultra ordinatam produ&z. 
Nota infuper quod fi Ordinata contentum eft fub 
factore rationali Q. & factore furdo irreducibili R7, 
& factoris furdi latus R non dividit fa&orem ratio- 
nalem Q; erit 4A—1—7 & R^' — R7. Sin factoris fur- 
di latus R dividit factorem rationalem femel, erit 
a—1—34--1 & R^ —R7': fi dividit bis, erit 
A—I—34-2 & R*'-—RKr': fiter, erit à—1—7--3, 
cota Rets: & fiedeinceps. 
$1 Ordinata eft fractio rationalis irreducibilis cum 
Denominatore ex duobus vel pluribus terminis com- 
pofito : refolvendus eft denominator in divifores 
fuos omnes primos. Et fi divifor fit aliquis cui 
nullus alius eft equalis, Curva quadrari nequit : 
oin duo vel plures fint divifores equales, rejicien- 
dus eft eorum unus, & fi adhuc alii duo vel plures 
fint fibi mutuo zquales & prioribus inzquales, re- 
jiciendus eft etiam eorum unus, & fic in aliis omni- 
bus equalibus fi adhuc plures fint : deinde divifor 
qui relinquitur vel contentum fub diviforibus omni- 
bus qui relinquuntur, fi plures funt, ponendum eft 
pro R, & ejus quadrati reciprocum R? pro R^'prze- 
terquam ubi contentum illud eft quadratum vel cu- 
bus vel quadrato quadratum,&c. quo cafu ejus latus 
ponen- 


aor] 


ponendum eft pro R & poteftatis index 2 vel 3 vel 4 
negative fumptus pro a. & Ordinata ad denomina- 
torem R* vel R? vel R* vel R* &c. reducenda. 
eer per >. p __25-|-24—823 : 4 es 
ut fi ordinata fit ee eae os quoniam ec 
fra&tio irreducibilis eft & denominatoris divifores 
funt pares, nempe Z—I, Z—1, Z—1 & z+2, 
Z--2, rejicio magnitudinis utriufque diviforem 
unum & reliquorum z—1, z—1, z-|-2 conten- 
tum Z—3z-.-2 pono pro R & ejus quadrati re- 
ciprecum qg: feu. R-? pro R^7. Dein Ordina- 
tam ad denominatorem R? feu R'—? reduco, & fit 
6 4 | JP 
25— gz*--8z3 J eL apad. adeo 
——— 4 dd eb 73% mondi az Ld 


73 — 32--2| quad.? 


Et inde eft 4—8. b—-9. co. d—-1, &c. 


-2 


ia qud erose. t3. Y=. Et his 
in ferie fcriptis prodit area FAT , terminis om- 


nibus in tota ferie polt primum evanefcentibus. 


i= —23. g-2O. ht, A—1-— —2. A-— —I. 


Si deniq; Ordinata eft fra&tio irreducibilis & ejus 
denominator contentum eft fub fattore rationali Q 
& fa&ore furdo irreducibili R*, inveniendi funt la- 
teris R divifores omnes primi, & rejiciendus eft di- 
vifor unus magnitudinis cujufq; & per divifores 
qui reftant, fiqui fint, multiplicandus eft factor 
rationalis Q: & fi fa&um equale eft lateri R vel 
lateris illius poteftati alicui cujus index eft numerus 
integer, efto index illem, & erita-1 ——7—m, & 
R^ — R77. Ut fi Ordinata fit 21355129957, 

qq—xx,/cub. q? --qqx—4xx—x 5 
quoniam 
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quonia m factoris furdi latus R feu q3-- qqx-qxx-x3 
divifores habet q d X q 1 X ut -X qui duarum funt 
Mui rejicio diviforem unum magnitudi- 
nis utriufg; & per diviforem q-Fx qui relinquitur 
multiplico factorem rationalem qq—xx. Et quo- 
niam factum 93+ qqgx—qxx—x3 m eft la- 
teri Rjpono m—1. & inde, cum = fit }, fit à-1 =—4, 
Ordinatam igitur reduco ad aéholttiaibrem RA 


& fit Ze x 39 54- y age 8g'xx t Sqix'-—7qqx"- 6qx’ 
xq4 b ux vk ‘Unde eft a= 3q°. b= 2q5 &c 
f=qq &c. 9 1-0. 921-* Q7 —À. r-I. 
EUM SED! i his in ferie fcriptis prodit 

j 3qqx-F3x? 


, terminis omnibus in ferie tota 


v cub. a3-raax—axx—x? 


poft tertium ev UNS 


PROP. VL LE H;EQ Re DV; 


si Curve abfcifla A B fit z, & feribantur R pro 

Cf --gz"-Phz»--&c & S pro k + Iz" 41-mze 
Jr m Sé fit autem dores oe zZ R^ Se 
in a-|-bz: --cz^ --dz» &c. & fi terminorum, e, f, 
9, hi &c. & k, l, m, n. &c. re&angula fint. 


ek 4 c Bk hk c. 

j "INE Wes 
Cam sf om hm &c. 
en ( ra. Ut o. 


el 


[ 195 ] 


Et fi re&tangulorum illorum coefficientes nume- 
rales fint refpective 


Sta=t. t--a=v. &c. 


i Ld : Oi” 
t--v=V. V^ bA-—W.CC. 
V--#=W. W--4- X, XC. 
t ip V. V --4 = WwW. We xX. X-| Kr KC, 


area Curve erit hzc 
» wt —tgk 
1 11 —sfk I, nS 'k —t' f] 
ya nb et "2 vane —t’e g^ 
EU Q, ; M —s-|-1,¢ e 
y^ RaSe 1n X Tua rcp NIS AS Eas een 
rek r-|-1, ek 
—y hk 
int a Es k - y l 
MIE- —V Ss 
—t-1-:,f1 B —vy"'fm 
mnt Hrnem:..—v'en AA 
Z?" -3 eC. 


; r 3 


Ubi A denotat termini primi coefficientem datam 
Y, » . 
"3 cum figno fuo -|- vel —, B coefficientem datam 


re 

fecundi, C coefficientem datam tertii, & fic deinceps. 
lerminorum vero, a, b, c, &c. k, 1, m, &c. unus 
vel plures deeffe poffunt. Demonftratur Propofitio 
ad modum precedentis, & quz ibi notantur hic ob- 
tinent. Pergit autem feries talium Propofitionum in 
infinitum, & Progrefho feriei manifefta eft. 
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PROP. VII. THEOR. V. 


Si pro e+ fz*-|- gz?4- &c. fcribatur R ut fupra, & 
in Curve alicujus Ordinata 20x R^-- maneant 
quantitates date 4, », ^, e, f, g; &c. & pro c ac « fcri- 
bantur fucceffive numeri quicunq; integri : & fi 
detur area unius ex Curvis que per Ordinatas in- 
numeras fic prodeuntes defignantur fi Ordinate funt 
duorum nominum in vinculo radicis, vel fi. dentur 
aree duarum ex Curvis fi Ordinate funt trium no- 
minum in vinculo radicis, vcl arex trium ex Curvis 
fi Ordinate funt quatuor nominum in vinculo radi- 
cis, & fic deinceps in infinitum : dico quod dabun- 
tur aree curvarum omnium. Pro nominibus hic 
habeo terminos omnes in vinculo radicis tam de- 
ficientes quam plenos quorum indices dignitatum 
funt in progreffione arithmetica. Sic ordinata 
Va*—ax? + x^ ob terminos duos inter a^& —ax 


deficientes pro quinquinomio haberi debet. At 
Va*--x« binomium eft X Vat--x*—— trinonium, 
cum progreffio jam per majores differentias proce- 
dat. Propofitio vero fic demonftratur. 


Sunto Curvarum duarum Ordinate pz Rat & 
qz? R^, & aree pA & QB, exiftente R quanti- 
tate trium. nominum e--fz:--gz^*. Et cum per 


Prop. 
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Prop. IIT. fit ziR^ area curve cujus Ordinata eft 
ie 1? fa" Jt ge in Z2 R^, fubduc Ordinatas & areas 
priores de area & Ordinata pofteriori, & manebit 
ge T5 £273 E gz^in 2€: Ro Ordinata nova Curve,& 
i i 
c 7" 

R*— pA-—qB ejufdem area. Pone te=p & 
jf-|-»f —q & Ordinata evadet e gzNin gk Rv, n 
area z°R*—seA—of B—mf B. ivide utramq; per 
ig-|-^wg, & aream prodeuntem dic C, & aflumpta 
utcunq; r, erit rC area Curve cujus Ordinata eft 
rz ?"R^'. Et qua ratione ex areis pA & qB 
aream rC Ordinate rz^?c R** congruentem inve- 
nimus, licebit ex areis qB & rC aream quartam 
puta sD, ordinate sz? »' R^' congruentem invenire, 
& fic deinceps in infinitum. Et par eft ratio pro- 
sreffionis ab areis B & A in partem contrariam 
pergentis. Si terminorum 4,9-|-™, & &--2» aliquis de- 
ficit & feriem abrumpit, affumatur area pA in prin- 
cipio progreffionis unius & area qB in. principio al- 
terius, & ex his duabus areis dabuntur aree omnes 
in progreffione utraque. Et contra, ex aliis duabus 
areis affumptis fit regreffus per analyfin ad areas A 
& B, adeo ut ex duabus datis cetere omnes den- 
tur. Q. E. O. Hic eft cafus Curvarum ubi ipfius z 
index saugetur vel diminuitur perpetua additione vel 
fubductione quantitatis». Cafus alter eft Curva» 
rum ubi index ^ augetur vel diminuitur unitatibus. 


Bbb CAS. 


Ordinate pz^R^ & qz*i*'R^, quibus aree pA 
& qB jam refpondeant, fi in Rdeu e--£z-- gz?» du. 
cantur ac deinde ad R viciflim applicentur, eva 
dunt pe -}- pfar -+ pgz^ x z"R*' & qez |. qfz» 
J-qgz*xz*R*. Et per Prop. IIL eft azeR^ 


area Curve cujus Ordinata eft sae 1? afzv!$. agz» 


in ZR», & bz’t*R* area Curve cujus ordinata 
eft _, "bez* Pbfz™ bez in z^ R^". Et harum qua- 


— 
u" 


“An |-2An : 1 
tuor arearum fumma eft pA-|-qB-.- az?R^-|-bz^»R» 


& fumma refpondentium ordinatarum 


be c afg 19 asz^ +9 bez" in z^ mg» 
^ bat 2 «DA. ry DD | 
s pe i 2AK 
1 be T bf xd 
NOR: 
TS 
Oo 
+ qe + qt 


Si terminus primus tertius & quartus ponantur fe 
orfim equales nihilo, per primum feet $2e--pe—o 
eu — — p, per quartum — ae 2wb—q, & per 
tertium (eliminando p & q)7-—b. Unde fecundu: 


Asaff—42yage : . ; 
ht +=", adeoq; fumma quatuor Ordinatarum eft 


andff—4anage |0--,»-1D2A-1 Q. - 1 , 
pee RS (umma totidem refpondentium 


arearum eft az? R^-|- 2£ c, p94, A— rb ag b. 
Divi- 
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Dividantur he fumme per — € — ,& fi Quotum 
pofterius dicatur D, erit D area CUR. cujus ordi- 
nata eft Quotum prius z?*R*", Et eadem ratione 
ponendo omnes Ordinate terminos preter primum 
equales nihilo poteft area Curve inveniri cujus Or- 
dinata eft z* R^. Dicatur area ifta C, & qua ra- 
tione ex areis A & B invente funt b s ac D, 

his areis C ac D inveniri. poffunt alie due E & ve 
ordinatis z?"*R*? & z*hr'R*? congruentes, & fic de- 
inceps in infinitum. Et per analyfin contrariam 
regredi licet ab areis EX F ad areas Cac D, & 
inde ad areas A & D, aliaíq; que in progreflione fe- 
quuntur. lgitur fi index ^ perpetua unitatum ad- 
ditione vel fubductione augeatur vel minuatur, & 
ex areis que Ordinatis fic prodeuntibus refpondent 


due fimpliciffime habentur ; dantur alie omnes in 
infinitum, Q. E. O. 


G ud $e BI 


Et per cafus hofce duos conjunétos, fi tam in- 
dex » perpetua additione vel fubdu&tione ipfius ", 
quam 1 ndex » perpetua additione vel fubductione 
unitatis, utcunq; augeatur vel minuatur, dabuntur 


aree fi ingulis prodeuntibus Ordinatis ref {pondentes. 
QO. E. O 


Bbb2 ^" A 5. 


E afe. | ibs 


Et fimili augmento fi ordinata conftat ex qua- 
tuor nominibus in vinculo radicali & dantur tres 
arearum, vel fi conftat ex quinq; nominibus & 
dantur quatuor arearum, & fic deinceps : dabun- 
tur arez omnes que ddibnda vel fubducendo nume- 
rum » indici ? vel unitatem indici » generari poffunt. 
Et par eft ratio Curvarum ubi ordinate ex binomiis 
conflantur, & area una earum quz non funt geome- 


trice quadrabiles datur. Q.E. O. 


PROP VOL THEGOR VL 


Si pro eJ-fz'--gz^-|-&c. & k -- 1z^-- mz*--&c. 
fcribantur R & S ut fupra, & in Curve alicujus Or- 
dinata z*5w R^t7Swi" maneant quantitates date a, 
5^4 e fg, k, m, xc & proe, 7, & » fcri- 
bantur fucceffive numeri quicunq; integri mesh 
dentur arez duarum ex curvis que per ordinatas 
fic prodeuntes defignantur fi quantitates R & 5 funt 
binomia, vel fi dentur aree trium ex curvis fi R 
& S$ conjunétim ex quinq; nominibus conftant, vel 
aree quatuor ex curvis fi R & S conjunctim ex fex 
nominibus conftant, & fic deinceps in infinitum : 
dico quod dabuntur arez curvarum omnium. 

Demonftratur ad modum Propofitionis fuperioris. 


EROFK 
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PR'OTP,TN, Oe Pei Te ee. 


AEquantur Curvarum aree inter fe quarum Or- 
dinate funt reciproce ut fluxiones Abfciffarum. 

Nam contenta fub Ordinatis & fluxionibus Ab- 
fciffarum erunt equalia, & fluxiones arearum funt 
ut hec contenta. 


LU RO L 


Si affumatur relatio quevis inter Abfciffas dua- 


rum Curvarum, & inde per Prop. i. quaratur 
relatio Gb otiüm Abfciflarum, & ponantur Ordi- 
nate reciproce proportionales fluxionibus, inveniri 
poflunt innumere Curve quarum arez fibi mutuo 


equales erunt. 
CO: FOO: Boa; M. 
Sic enim Curva omnis cujus hec eft Ordinata 
z*' in e-- f2"-+- gz -|- &c[ affumendo quantitatem 
— + Lote vid N Sd e^ 2 
quamvis pro » & ponendo !—s & =x, migrat in 
aliam fibi equalem cujus ordinata eft *x 
e+ £x'-- gx? -p&c.]^ 


vin in 
Wu 


C O- 


Et Curva omnis cujus Ordinata eft 2’ 


nF GC xe J-f£z1-|- 92" &c.^affumen 


: 1311311 y « : n ABRE 6 
do quantitatem quamvis pro X ponendo ! a-g Q 


1 
113 


7;— x, migrat in aliam fib! equalem cujus ordinat 


Í V 0 —4 . ] l "4 e)1 | , rik E a QUE. 
[t ^, in à 1-bx'-- ex? - €c vec > fx. gx? | Kop 


CO RO LAN. 


Et Curva omnis cujus Ordinata eft z** in 


. bz"-- cz? T Ke X ez Ta ee &c.| 


X x +. |i " mz?! + &c |J, a aflumendo quantitatem 


A Ó—— 


niit prov & ponendo * Mog CZ " migrat in 
y 


liam fibi equalem cujus ordinata eft * x qu d. a-+ bx 


[usw Se oce gato dbi 


CORO L. S 


Et Curva omnis e Ordinata eft 29^ 


eap wr ee gz = - &c| ponendo z= x mugrat in 


ms RO D Coen 
aliam fibi equalem cujus ordinata eft — 4 €--Ix* 
64 2ithis LIk/À : | "n ( | 
Tys s | LL  » flex fiduo funt 
BX ^ | «C p 1d elt X O4-1-lena Xi p CA | 
ep) m m | :3-Dea- = eX » A 
nomina in vinculo radicis vel zgpcpa4 x 87 


fi tria funt nomina ; & fic deinceps. 


COR OE. 


" * - ie 1 m iy 1 
Et Curva omnis cujus Ordinat: 


aee 


e —| [ 7! e 34 / d 4 AN | v^ 


ponendo 


jus ordinata eft 


———— P ———— 


u DNO IMS 
ei! 3b, Gide F&c| id eft - x n EAD P tex" 


fi bina funt. nomina in vinculis radicum, 


CUu x Eq Be op x Elo fi tri 


funt nomina ai vinculo yoiiiis prioris ac duo in 
vinculo poftertoris : & hc in alis. Et nota quod 
areg due aequales in novifliimis hifce duobus Co- 
rollariis jacent ad contrarias partes ordinatarum 
Si area in alterutra curva adjacet abfcifle , area 
huic equalis im altera curva adjacet abíciffe pro 


ducte 
‘ORD L. VH 


Si relatio inter Curve alicujus Ordinatam y & 
Abfciflam z definiatur per equationem quamvis 
fectam hujus forme ye. Be oven alae 


| 


qox SP in k aye my ye + &c hat 


4 I TEM . 
hgura affumendo s—— x=:# & > Je, migrat 
i) ) | p ten] 


L] 


im aliam fibi equalem cujus Ab bfciffa iu ex data 
Ordinata 
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Ordinata v, determinatur per equationem non 


aRectam 5; V^ x € l-f-- gv M ^ hv? 4- &c.P » CK 47 dv - Ive 


2 


my + &c[^-x. 
CORD L. VRE 


Si relatio inter Curve alicujus Ordinatam y & 
Abfciflam z definitur per eeu quamvis 
affedam hujus formz, y* in e4-fy"z^4 Synz" 1-&c. 


— 2» in k 4- ly'z^ | my*?rz^^.| J- rud qu zy in p T qy'z/ 


B : ry? z? -- &c. hac figura affumendo s — 7 x — zz, 
ed" | Bn J- 7y¥ 
ary pues & »-* ERR migrat in aliam fibi equalem 


iis Abfciffa x ex data Ordinata v determinatur 
per zquationem minus affe&am v* in e -- fvs-- g v?» 


J- &c. = = seat in k --Iv* -I- mv™ -- &c. -- gx* in 
pd qw 1l rv^-L oe 


CEROL.- Te 


Curva omnis cujus Ordinata eft x78 ig 


Af 


e pU 2^ USB gan c x ven Leta Koj 
la bea? 4- fzrv gare ear fi fite =» & 
affumantur x —ez' J- fz*» --gz t» -E&c|* , *- i 


4. 


&- $= x— migrat in aliam fibi zqualem cujus ordi- 
3 , Cas HR, zc 2 -" 5 x 
nata eft x? xa-\-bx’|*. Et nota quod ordinata prior 


T ^ 
in 
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in hoc Corollario evadit fimplicior ponendo &— t, 
vel ponendo 7— 1 & efficiendo ut radix dignitatis 
extrahi poffit cujus index eft 4, vel etiam ponendo 
w= —1&^-—1I-—-7-7-—«;4,ut alios cafus prete- 
ream. 


COROL. X. 


Pro ez -|- fz't* - gat -- &c. veg farte 
1 grt J- &c. k +- Iz T mz" =p &c. & zt 
-rasmz?r:--&c. fcribantur R, r, S & s refpedtive, & 
Curva omnis cujus ordinata eft zSr -- « Rs in Re! Se 
x aS -- bR'], fi fit e TE mof, tow UE. 


a) m ) g 
& R*Se = x, migrat in aliam fibi equalem cujus or- 
dinata eft x? x a--bx'. Et nota quod Ordinata 
prior evadit fimplicior, ponendo unitates pro r, o, 
& » vel 4, & faciendo ut radix dignitatis extrahi 
poffit cujus index eft 4 vel ponendo» = —1: vel 


iE 
PROP. x. «ROB. IL 


Invenire figuras fimpliciffimas cum quibus Curva 
quaevis geometrice compari poteft, cujus ordinatim 
applicata y per equationem non affectam ex data ab- 
fciffa z determinatur. 


Coe D. 
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C ats. d 


Sit Ordinata az*', & area erit gaz’, ut ex Prop.V. 
ponendo b=o=c=d=f=g=h & e=1, facile col- 
ligitur. 


CaS? TE 


Sit Ordinata az x e-|-.fz"-| gzl"* -|- &c. & fi 
curva cum figuris rectilineis geometrice comparari 
poteft, quadrabitur per Prop. V. ponendo b=o=c 
—d. Sin minus convertetur in aliam curvam fibi 


zqualem cujus Ordinata eft ix x e-+ fx-E-gx'&c.]" 
per Corol.2. Prop. IX. Deinde fi de dignitatum 
indicibus ad & ^—1 per Prop. VII. rejiciantur uni- 
tates donec dignitates ille fant quam minime, de- 
venietur ad figuras fimpliciffimas que hac ratione 
colligi poffunt. Dein harum unaquegq; per Corol.s. 


Prop. 1X. dat aliam que nonnunquam funplicior 


eft. Et ex his per Prop. Ill. & Corol. 9 & ro, 
Prop. IX. inter fe collatis, figure adhuc fimpliciores 
quandoq; prodeunt. Deniq; ex figuris fimplicif- 
fimis affumptis facto regreffu computabitur area 
quefita. 


CAs 
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C i. LI 


Sit Ordinata z* x a-|bz'--cz^ 4. &c. 
E e- fz" -|- gz" 4-6 &c]^" , & hac figura fi quadrari 
poteft, quadrabitur per Prop. V. Sin minus, di- 
ftinguenda eft ordinata in partes z^ x axe -|-fz» 
Pea Rep, zh bax ed Fa pga Rn, 
&c. & per Caf. 2. inveniende funt figure fimpli- 
cifime cum quibus figure partibus illis refpon- 
dentes comparari poffunt. Nam aree figurarum 
partibus illis refpondentium fub fignis fuis - &— 
conjun&t€ component aream totam quefitam. 


Sibi: Wes an s c 


Sit Ordinata 2°! x a-r- bz»-rcz"--&c. x 
e-- fz" -|- g Z + &c x k -- 12 --mz?"4-&c| "x 
& fi Curva quadrari poreft,quadrabitur per Prop. VI. 
Sin minus, convertetur in fimpliciorem per Corol.4. 
Prop. [X. ac deinde comparabitur cum figuris fim- 
pliciffimis per Prop. VIII. & Corol. 6, 9 & Io. 
Prop. TX. ut fit in Cafu 2 & 3. 


LP an i^e 


Si Ordinata ex variis partibus conftat , partes 
fingule pro ordinatis curvarum totidem habendz 
funt,& curve ille quotquot quadrari pofiunt,figilla- 


9 


CC 2 tim 
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tim quadrandz funt, earumq; ordinate de ordinata 
tota demendz. Dein Curva quam ordinate pars 
refidua defignat feorfim (ut in Cafu 2, 3 & 4,) 
cum figuris fimpliciffimis comparanda. eft cum qui- 
bus comparari poteft. Et fumma arearum omnium 
pro area Curve propofite habenda eft. 


Men qe rq 


Hinc etiam Curva .omnis cujus Ordinata eft ra- 
dix quadratica affe&ta equationis fue, cum figuris 
fimpliciffimis feu rectilineis feu curvilineis com- 
pari poteft. Nam radix illa ex duabus partibus 
femper conftat que feorfim fpe&ate non funt equa- 
num radices affede. Proponatur squatio aayy 
-Fzzyy =2ay -J-'Zip-z', & extra&ta radix ent 
a} -- zt aVa'*-|'az —z' cujus pars rationalis 
NORRIS MAE CIS L7 RR MS MIACR: iether idi! 

aVa!--2az —z^. 


| 
3 & pars irrationalis ———àa-pa .... funt 


ordinate curvarum que per hanc Propofitionem 
vel quadrari poffunt vel cum figuris fimplicifiimis 
comparari cum quibus collationem geometricam ad- 
mittunt. 


CORO 


Et curva omnis cujus Ordinata per.equationem 
quamvis affe&tam definitur que per Corol. 7. Prop. 
IX. in equationem non affectam migrat, vel qua- 

| dratur 
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dratur per hanc Propofitionem fi quadrari poteft vel 
comparatur cum figuris fimpliciffimis cum quibus 
compat! poteft. Et hac ratione Curva omnis quadra- 
tur cujus equatio eft trium terminorum. Nam equa- 
tio illa fi affecta fit tranfmutatur in non affectam per 
Corol.7. Prop.1 X. ac deinde per Corol. 2 & 5. Prop. 
[X. in fimplicffimam migrando, dat vel quadratu- 
ram figure fi quadrari poteft, vel curvam fimplicif- 
fimam quacum comparatur. 


DOR OIL ont 


Et Curva omnis cujus Ordinata per equationem 
quamvis affe&tam definitur que per Corol. 8. Prop. 
IX. in equationem quadraticam affe&am migrat ; 
vel quadratur per hanc Propofitionem & hujus Co- 
rol. 1. fi quadrari poteft, vel comparatur cum figu- 
ris fimpliciffimis cum quibus collationem geometri- 
cam admittit. 


$C HOLIU M. 


Ubi quadrande funt figure ; ad Regulas hafce 
generales femper recurrere. nimis inoleftum eflet : 
preftat Figuras que fimpliciores funt. & magis ufui 
effe poffunt femel quadrare & quadraturas in Ta- 
bulam referre, deinde Tabulam confulere quoties 
ejufmodi Curvam aliquam. quadrare oportet: Hu- 
jus autem generis funt Tabule duz fequentes, in 
quibus z denotat Abfciffam, y Ordinatam rectan- 

gulam 
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aru & t Aream Curve quadrandz, & d, e, f, g, 
g. h, " funt quantitates date cum fignis fuis- | deus 


VABGE A 


Curvarum fonpliciorum que quadrari po[[unt. 


Curvarum forma. Curvarum arez. 
Forma prima. 
Cm sos, x, mt, 


Forma fecunda. 


dz nz, —d . 
ce-|-2efz,-|-ffz2 — y. gee-|-nefzy — t vel nef-|-uffzq 


Forma tertia. 


AR ERU od 4. ! pene 
icy As Ve-- fz1— na R:— t, exiftente R — v e-4- fz: 
4€ 018 T 6fzy 


b. dz? V e-L- fzs [tz fz^ — y. NAT" dR3 : 


uH 4 1 j 16€ce—24€f25-|-3 Offz2n . 
3. dz? Ve--fzi— y. sectekgbis he t. 

Pup." —096e3-|-144€efzy—180€ffz2,3-|-210f273, , 
4. az Ve 4-{Z" — y. Tt ts mie ee et dR; - 


Forma quarta. 


dz": 2d 
Jl 8/25 = V L af a t 
/e-|-fzn | ’ 
dz?m —4e-|-2fzy 
= 7 
“ == Y —dR=t 
a/ [12g 
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16ee—8efz,y-|- 6ffz2y 


b i mE ee 


1551 


dz" 
Je Ffzn 


d gir! —96 Pass 6cffz2y-]-30f2231 ; 
= race Roi 


1O5gf4. 


TABULA 
Curvarum fimpliciorum que cum Ellipft e 
Hyperbola compart poffunt. 


Sit jam aGD vel PGD vel GDS. Seétio 
Conica cujus area ad Quadraturam Curve pro- Fig. 5,6;5,^ 
pofite requiritur, fitq; ejus centrum A, Axis Ka, 
Vertex a, Semiaxis conjugatus AP, datum Abfciffa 
principiam A vela vele, Abfci ifa AB vel a B vel 
2B=x, Ordinata jene ua BD=v, & Area 
ABDP vel a BDG x c BDG- - $, exiftente «G Or- 
dinata ad punctum «. Aude KD, AD, a D. Du- 
catur Tangens DT occurrens Abfcifle AB in TT, 
& compleatur parallelogrammum ABDO. Et 
fiquando ad quadraturam Curve propofite requi- 
runtur aree duarum Se&ionem Conicarum, dica- 
tur pofterioris Abfciffa £ Ordinata T, & Area c. 
Sit autem — differentia duarum quantitatum ubi in- 
certum eft utrum pofterior de priori an prior de po- 
fterior! fubduci debeat. 


( AUrVva 


*UOJ 


id acc adito Zia .¢ 
CE ESI E, ery ind xxi^ JN tae a ze J t 
* L2 uu p 1 - 
“dh = ss2,4—4X22z aapz d 1a: p 
, ! igs. w2y+\-3 
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In Tabulis hifce, feries Curvarum cujufq; forme 
utring; in infinitum continuari poteft. Scilicet 
in Tabula prima, in numeratoribus arearum for- 
mz tertie & quartz, numeri coefhcientes initialium 
terminorum (2,—-4, 16,—96, 868, &c.) generan- 
tur multiplicando numeros—2, —4, —6, —10,&c. 
in fe continuo, & fubfequentium terminorum coef- 
ficientes ex initialibus derivantur multiplicando 
iplos gradatim, in Forma quidem tertia, per - - 

5, —1,—1d —5 «c. In quarta vero per —i, —? 


= o : 22. 4% 
—,— 5 —)» &c. Et Denominatorum coefficientes 


2,15, 105, &c. prodeunt multiplicando numeros 
1, 3, 5, 7, 9, «c. in fe continuo. 

In fecunda vero Tabula, feries Curvarum forme 
prime, fecundz, quintz, fexte, none & decimz ope 
folius divifionis, & forme relique ope Propofitio- 
nis tertie & quarte, utrinq; producuntur in in- 
hnitum. 

Quinetiam he feries mutando fignum numeri , 

. - . e d. age 
varriíolent. Sic enim, e. g. Curva 7Ve-r-fz!— y, 
evadit ——- Vf- ez». 


|-1 


PROP. IX. TH EOR. VIII. 


Sit ADIC Curva quevis Abfcifflam habens 
AB—z & Ordinatam BD=y, & fit AEKC Curva 
alia cujus Ordinata BE equalis eft prioris arez 


ABC 
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ADB ad unitatem applicate, & AF LC Curva 
tertia cujus Ordinata BF equalis eft fecunde arez 
AEB ad unitatem applicate, & AGMC Curva 
quarta cujus Ordinata BG equalis eft tertie arex 
AFB ad unitatem applicate, X AHNC Curva 
quinta cujus Ordinata BH equalis eft quartz arex 
AGB ad unitatem applicate, & fic deinceps in 
infinitum. Et funto A, B,C, D, E, xc. Aree Cur- 
varum Ordinatas habentium y, zy, Z'y, zy, zy, 
& Abfciffam communem z. 

Detur Abfciffa quevis A C—t, fitq; BC—t—z 
=x, & funto P, Q, R, S, T aree Curvarum Ordi- 
natas habentium x, xy, xxy, xy, x*y & Abfciflam 
communem x. 


'Terminenter autem he aree omnes ad Abfciflam 


totam datam AC, nec non ad Ordinatam pofitione 
datam & infinite produ&am CI: & erit arearum 
fub initio pofitarum prima A DIC—A —P, fecunda 
AEKC—tA—B—Q.Tertia AFLC = 5222€ — 


7 


" 


Quarta A G MC — EN : : Quinta 


A H N [: —ÁÍi4A—A46B-- &ttC—4tD +E — - 


24 
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COR OF; 


Unde fi Curve quarum. Ordinate funt y, zy, 
Zy, Z2y, «c. vel y, xy, x'y, xy, &c. quadrari 


poffi unt,q ida ahuncur etiam Curve ADIC, AEKC, 
AFLC,  AGMC, &c. & habebuntur Ordinat BE, 
BF, BG, BH E Curvarum proportionales. 


SC HOLIU M. 


Quantitatum fluentium fluxiones effe primas, 
Eu tertias, quartas , aliaíq; diximus fupra. 
Hs Huxiones fant ut termini ferierum infinita- 
rum conv Kp Uc fi z»fit quantitas fluens & 
fluendo evadat z- Z-|- op, deinde refolvatur in feriem 


n n-n 


convergentem Z^-| agri. 0. at? O07 *?-|- 


13°73 


Lm Et oz? 
-- &c. terminus primus bist ferie z" erit quan- 
titas illa fluens, fecundus voz"* erit ejus incremen- 
tum primum feu differentia prima cui nafcenti pro- 
portionalis eft ejus fluxio prima, tertius “ oz? 
erit ejus incrementum fecundum feu differentia {e- 
cunda cui nafcenti propattignape. e eft ejus fluxio 
fecunda, quartus *—37——" o37*3 erit ejus incremen- 
tum tertium feu differentia tertia cui naícenti 
fluxio tertia proportionalis eft, & fic deinceps in 
infinitum. 


' Expont 
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. Exponi autem poffunt he fluxiones per Curvarum 
Ordinatas BD, BE, BF, BG, BH, &c. Ut fi 
Ordinata BE (= ht quantitas fluens, erit 
ejus fluxio prima ut ordinata BD. Si BF (—2322 
fit quantitas fluens, erit ejus fluxio prima ut Or- 
dinata BE & fluxio fecunda ut Ordinata BD. Si 
BH (=**) fit quantitas fluens, erunt ejus fluxio- 
nes, prima, fecunda, tertia & quarta, ut Ordinate 
BG, BF, BE, BD refpedtive. : 

Et hinc in equationibus que quantitates tantum 
duas incognitas involvunt, quarum una eft quan- 
titas uniformiter fluens & altera eft fluxio qualibet 
quantitatis alterius fluentis , inveniri poteft fluens 
illa altera per quadraturam Curvarum. | Exponatur 
enim fluxio ejus per Ordinatam BD, & fi hec fit 
fluxio prima, quaratur area ADB —BEx1, fi 
fluxio fecunda, queratur area AEB—BFx 1, fi 
Huxio tertia, queratur area AF B—BGx r, &c. 
& area Inventa erit exponens fluentis quefite. 


Sed & in equationibus que fluentem & ejus 
üuxionem primam fine altera fluente, vel duas 
ejufdem fluentis fluxiones, primam & fecundam, 
vel fecundam & tertiam, vel tertiam & quartam, 
xc. fine alterutra fluente involvunt : inveniri. pof- 
iunt fluentes per quadraturam Curvarum. Sit 
equatio aav = av - vv , exiftente v= BE, 
y —BD,z-—AB&z-i,&'equatio illa com- 
plendo dimenfiones fluxionum, evadet aav = avz 
-|vvz, feu —— — —7, Jam fluat v uniformiter & 


bt 
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fit ejus fluxio v1 & erit sf.—z, & quadrando 
Curvam cujus Ordinata eft pu & Abfciffa v, ha- 
bebitur fluens z. Adhec fit zquatio aav—av-- vv 
exiftente Y«B E, v=BE, v—BD & z—AB & 
per relationem inter v & v [^ BD & BE invenie- 
tur relatio inter A B& BE ut in exemplo fuperiore. 
Deinde per hanc relationem invenietur relatio in- 
ter AB & BF quadrando Curvam AE B. 

JEquationes quz tres incognitas quantitates invol- 
vunt aliquando reduci poffunt ad equationes que 
duas tantum involvunt, & in his cafibus fluentes 
invenlentur ex Buxionibus ut fupra. Sit &quatio 
a—bx"—cxysy --dy?yy. Ponatur y'y-v & erit 
a—bx™ cxv-}-dwv. Hac equatio quadrando Cur- 
vam cujus Abfciffa eft x & Ordinata v dat aream 


v, & & equatio altera y»y—v regrediendo ad fluentes 
dat —y'''-—v. Unde habetur fluens y. 
Uso in equationibus que tres incognitas 
involvunt & ad equationes que duas tantum in- 
volvunt reduci non poffunt, fluentes quandoq; 
prodeunt per quadraturam Curvarum. Sit equatio 


3m x" bx? = rex?! ys |-sexty y* cd AA er 


= I. Et pars pofterior rex"! y*-- sexr y y? —fyy' ) 
NR ad fluentes, fit exc y —Á uu yitt, que 
proinde eft ut area Curve cujus Abfeiffa of x & 

Ordinata ax" -bxq?, & inde datur fluens y. 
Eee Sit 


[ro] 


UPS iT) e t A—— Tii dy Vue 
Sit 'equatio x» ax" -F bxyP ———— . Et fluens 


V/€-|-tyn 


cujus fluxio eft x LX axe bx) erit ut area Curve 
cujus, Abfciffa eft x & Ordinata eft a x? 4. - bxsf. 


ltem fluens cujus. fluxio eft Am erit ut area dd 
Jer 
eujus Abfciffa eft y' & Ordinata spen: HONOR 


A/ €-|l-fyn 


(per Cafum 1. Forme quarte Tab. I.) ut area 
2d — : Lainie 
= Ve--f fy, Pone ergo = = Ve-|-fy equalem arez 


iik cujus Abfciffa eft x & Ordinata ax? J bx? 
& habebitur flnens Ye 


Et nota quod duens omnis quee ex fluxione prim a 
colligitur augeri poteft vel minui quantitate quavis 
non fluente. Quz ex fluxione fecunda. colligitur 
augeri poteft vel minui quantitate quavis cujus 
fuxio fecunda nulla eft. . Que ex fluxione tertia 
colligitur augeri s vel minui quantitate quavis 
cujus fluxio tertia nulla eft... Et fic deinceps in in. 


&nitum. 


Poftquam vero fluentes ex fluxionibus collectz 
funt, fi de veritate Conclufionis dubitatur, fluxio- 
nes fluentium inventarum viciffim colligende funt 
& eum fluxionibus fub initio propofitis comparanda: 
Nam ff prodeunt aquales Conclufio recte fe ha. 

bet: 
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Bet: fin minus, corrigenda funt fluentes fic, ut 
earum fluxiones fluxionibus fub initio. propofitis 
equentur. Nam & Fluens pro lubitu affumi po- 
teft & affumptio corrigi ponendo fluxionem flu- 
entis affumpte «qualem fluxioni propofite, & ter- 
minos homologos inter fe comparando. 


Et his principiis via ad majora fternitur. 
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BOOK I. Of Optich;. 

p rt 1. pz3« 1.20. Properties which, ib.p.5- l5. and that C, p.6. 1.9. DE, p.21.1.27« 

are two Rays, p-27. 1.6. im the Margin put Fig.14 9 15, p.30.1.7. MN, 1.9. M, p. 
44« l.15. 25 was propofed, p.$2. 1. 17. 4 paper Circle, p.57. l.ult. emerging, p.60. 1.25. 
contain with tbe, p.64. 1.18. and 141b, p.65. 1.13. atthe, p.66. 1.3.Semicircular, p.67. 
4.25. Center, 1.31. 4% Inches, p.68. 1.8. t0 16, 1.9. or $3, p.71. l. 1. bife&, p.72.1.13. 
falls, 1.20. being. Part IL. p.96. 1.5. lelopipede, p.89. 1.9. made by, p.93. 1.18. to 73i. 
1.28,29, by the third Axiom of the firft Part of this Book, the Laws, p.105. 1.5. fee repre. 
fented, Po 144.1. 24, 5. ey 705 99 109 $55. Pe 118, 119. for Lib.1. Lib.2. write 
Part 1. Part2.. p.122. l.9. indico, p» 130+ l.19. to the Angle, p.132. 1.6. by the bright- 
auefs, -p«134«l.14« For if in the, 1616. firft Parr you, p.136. 1.26. firft Part, 1.27. lights, 
p-137. 1.20. green, accordingly as, p» 138. l. 21. Prop.6. Part.2« p.139. 1.5. on which, 
p.142. 1.17. XT which have been, p.143- 1.7. purple, 1.16. feveral Lights, 1.24. of white. 

BOOK.. Il. 

P.5. 1. s.nicely tbe,p. 7. 19+ y, x denote, 1.28. them divers,p. 10. 1. 24. 1000 to 1024, 
perire l.rr. oliquities, I, p.17. 1.4. 145 10 9, p. 25. l. I1. 1 oF, P31. 1.12. more com- 
pounded, p.55. 1.3. figes refled, 1.24 and therefore their Colours arife, p.65. 1.5. corpu[- 
cles can, p.71. l.17.. given breadth, p.84. 1.4. are to tbofe, p» 96. 1. 24. Obfervation of 
this Part of this Book, p.103. 1.17. was to tbe thickne/s, y. 10s. 1. 19. of this white Ring, 
p.107. 1,20. become equal tothe third of thofe. 


Enumeratio Linearum. 
p-143« 1.20. datas fignis fuis, p. 144-1.27-refpiciunt, p. 146. l.5. funt Afymptoto, p. 
1 64. 1.13. ex-]-d dat Ordinasam y =, V.Y4. que generatur. 


Quadratura Curvarum. 
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